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New Af; scales are commonly tied to Richter’s original definition at the
standard reference hypocentral distance of 100 km. The significantly weaker
Ly wave attenuation in Norway, however, requires a smaller reference distance.
We have chosen a value of 60 km, based on an overall assessment of regional
coverage, focal depths and quality of the data. The resulting M, formula for
Norway reads /

My = l0gAwa + a log(R/60)+ b (R — 60) + 2.68 + 5

where A,, is synthesized Wood-Anderson amplitude (in mm), [ is hypocentral
disveance (in km), and o is a station correction term that for all 21 stations

is found to lie within the rangq/i 0.22. " When using the entire data base the
spreading term a equals 1. 04, and the anelastic attenuation term b equals 0.00080.
When only strictly continental ray paths are selected, the a-value decreases

to 0.91 while the b-value increases to 0.00087, a difference which on the average
accounts for less than 0.1 magnitude units. While all values used in the regressions
have been derived for vertical amplitudes, a separate analysis has shown that
these are not significantly different from the horizontal ones, and the new

scale is therefore applicable to both. In order to facilitate the practical

use of this new A scale, a relation has also been established between observed
seismogram amplitudes (corrected for instrument response) and the synthesized
Wood-Anderson amplitudes. This relation reads logA,, = 0.925 logA,s —~ 2.32.

The new Af; magnitudes for the events analyzed are in fairly good agreement
with those calculated from a previously used relation developed by Bath for
Sweden. The new values are, however, systematically about 0.4 magnitude units
lower, which is mostly due to the combined effect of a reference distance less
than 100 km and a Wood-Anderson magnification of 2080 instead of the earlier
value of 2800. The new A values have also regressively been related to a
data set of Mg values, yielding the relation Mg = 0.83Af; + 1.09.
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Preface

Under Contract No. F49620-C-89-0038, NTNF/NORSAR is conducting re-
search within a wide range of subjects relevant to seismic monitoring. The empha-
sis of the research program is on developing and assessing methods for processing
of data recorded by networks of small-aperture arrays and 3-component stations,
for events both at regional and teleseismic distances. In addition, more general
seismological research topics are addressed.

Each quarterly technical report under this contract presents one or several
separate investigations addressing specific problems within the scope of the state-
ment of work. Summaries of the research efforts within the program as a whole
are given in annual technical reports.

This Scientific Report No. 5 presents a manuscript entitled ” The ML scale in
Norway”, by A. Alsaker, L.B. Kvamme, R.A. Hansen, A. Dahle, and H. Bungum.




THE M; SCALE IN NORWAY

by
A. ALSAKER, L.B. KvaMME, R.A, HANSEN, A. DAHLE, AND H. BUNGUM

ABSTRACT

A new local magnitude M| scale has been developed for Norway, based on a
regression analysis of synthesized Wood-Anderson records. The scale is applicable for
distances up to more than 1000 km, and the data used comprise 741 short-period
recordings at 21 seismic stations from 195 earthquakes in the magnitude range 1 to
5 occurring in and around Norway over the last 20 ycars. Magnitude corrections
for distance have been evaluated in terms of a geometrical spreading term a and an
anelastic attenuation term b, and the significant regional crustal differences in the area
under investigation made it desirable to develop these for several subsets of the data
base. The results for a are generally found to be around the commonly found value of
1.0 (using the L, phase), while the b-values are found to be around 0.0008, consistent
with the weak, intraplate attenuation expected for Norway. Compared to interplate
California, this difference in attenuation represents more than one magnitude unit at
a distance of 1000 km.

New M, scales are commonly tied to Richter’s original definition at the standard
reference hypocentral distance of 100 km. The significantly weaker L, wave attenu-
ation in Norway, however, requires a smaller reference distance. We have chosen a
value of 60 km, based on an overall assessment of regional coverage, focal depths and
quality of the data. The resulting M, formula for Norway reads

My, = logAya + a log(R/60) + b (R —60) + 2.68 + S

where A,, is synthesized Wood-Anderson amplitude (in mm), R is hypocentral dis-
tance (in km), and S is a station correction term that for all 21 stations is found to lie
within the range + 0.22. When using the entire data base the spreading term a equals
1.02, and the anelastic attenuation term b equals 0.00080. When only strictly conti-
nental ray paths are selected, the a-value decreases to 0.91 while the b-value increases
to 0.00087, a difference which on the average accounts for less than 0.1 magnitude
units. While all values used in the regressions have been derived for vertical ampli-
tudes, a separate analysis has shown that these are not significantly different from the
horizontal ones, and the new scale is therefore applicable to both. In order to facilitate
the practical use of this new My, scale, a relation has also been established between
observed scismogram amplitudes (corrected for instrument response) and the synthe-
sized Wood-Anderson amplitudes. This relation reads log Ay, = 0.925 logAgs — 2.32.

The new My magnitudes for the events analyzed are in fairly good agreement
with those calculated from a previously used relation developed by Bath for Sweden.
The new values are, however, systecmatically about 0.4 magnitude units lower, which




is mostly due to the combined effect of a reference distance less than 100 km and a
Wood-Anderson magnification of 2080 instead of the carlier value of 2800. The new
Mj, values have also regressively been related to a data set of Mg values, yielding the
relation Mg = 0.83M + 1.09.

INTRODUCTION

The emergence in everyday seismological practice of concepts such as seismic mo-
ment, which relates in a well-defined way to energy release, or the “size” of earth-
quakes, has not reduced the importance of the magnitude concept as developed orig-
inally by Richter (1935). A large number of magnitude scales have been developed
since then (e.g. Bath, 1981), and most of them are similar to Richter’s scale in the
sense that they are based on the logarithm of some amplitude measurement. Most
of them are also not related in any well-defined way to the energy release. What is
important then is consistency, in time as well as in space. For magnitudes such as m,
and Mg, the spatial consistency is taken care of through the use of globally adopted
formulas, based on the fact that the attenuation of teleseismic P-waves and 20 sec
period S-waves are only moderately affected by local geological conditions. Local
conditions show up in these cases only through the possible use of station corrections.

For the local magnitude M, based on maximum L, amplitudes at local and re-
gional distances, a similar use of common distance (attenuation) correction terms
would distort rather than secure this consistency. The reason is that the wave attenu-
ation in this case is more dependent upon local geological conditions, especially those
relating to different tectonic regimes (in particular transitions between plate margin
and intraplate areas). In order for My magnitudes to be consistent, the seismic wave
attenuation within each region must be determined, and the magnitude relations for
the different regions tied together at a near-source reference distance. In addition, lo-
cal site conditions leading to amplification or deamplification of the measured ground
motions are commonly accounted for in terms of station corrections.

For regional distances, the M|, scale is most important simply because it provides
the best consistency, stability and measurability. The importance of regional seis-
mology has moreover increased steadily in recent years, as related to societal needs
connected to nuclear explosion monitoring, emergency and disaster prevention, build-
ing codes, engineering design criteria, insurance, and safety aspects in general.

In Norway, My, magnitudes were not routinely reported until Bath et al. (1976)
developed a new local magnitude scale (hereafter for simplicity called Bath’s My, scale)
based on Swedish data. The scale was based on Richter’s definition with a reference
distance of 100 km, and with the analog data used in the development it was found
necessary to introduce frequency dependent correction factors. When applying Bath’s
M formula to digitally recorded data it soon became evident that these correction
factors were inadequate, but we nevertheless continued to use this scale in Norway
in order to maintain consistency until more appropriate and reliable correction terms
could be developed.

The purpose of the present paper is to develop such correction terms, and thereby
contribute to the establishing of a new M| scale for Norway. Since the NORSAR

2




array was installed in Norway around 1970, the amount of reliable digital earthquake
recordings has increased steadily, not only due to the time factor itself but also because
the numbher of seismic stations is increasing. This development is best illustrated by
the fact that data from 21 seismic stations located in Norway have been used in the
present study.

METHOD OF ANALYSIS

In following Richter (1935; 1958), the local magnitude M, is defined as

My =logA ~ logAg + S (1)

where A is measured amplitude (zero-to-peak) in mm on a horizontal component
Wood-Anderson seismometer recording, S is a station correction term, and —log Ay is
a distance correction term given as

— logAg = a log( R/100) + b(R — 100) + 3.0 (2)

where a and b are coefficients for geometrical spreading and anelastic attenuation,
respectively, and R is hypocentral distance.

With no station correction, equations (1) and (2) imply that an earthquake which is
observed with an amplitude A of 1 mm at a distance of 100 km in Southern California is
given a magnitude My of 3.0. In developing the first set of Ag values, from a small data
base of Wood-Anderson seismometer recordings from southern California, Richter
(1935) did not separate the two attenuation terms as in equation (2). Recently, from
very large data bases, Bakun and Joyner (1984) and Hutton and Boore (1987) have
developed new attenuation terms for central and southern California, respectively, in
surprisingly good agreement with Richter’s values. The only exception here is for
near-source distances, where Richter’s coverage was poorer, especially in terms of
focal depths. Because of this, we will replace Richter’s attenuation values with those
of Hutton and Boore (1987).

In a more general form, cquation (2) reads

—logAg = a-log(R]Reey) + b (R~ Rees) + K{(Rrey) (3)

where R,y is a reference distance that could be different from 100 km, and K(R,.y)
is a constant to be defined below.
To establish the new magnitude scale, we combine equations (1) and (3) to give

N. N,
logA.-J- = —a l()_(](R,'j/R,ej) - l)(R.] — R,-ef) - Z Mké,'k + ZS[(S[J' - 1<(R,.e]) (4)

k=1 =1

where A;; is the amplitude of earthquake i at station j, R;; is hypocentral distance
for earthquake i at station j, é;; is the Kronecker delta (1 if ¢ equals j, otherwise 0),
N, is number of stations, and N, is number of events.




The parameters to be determined regressively are a, b, Ay and S, representin
& A )

the gecometrical spreading, anclastic attenuation, magnitude, and station correction

respectively. Equation (4) can be rewritten in matrix form as:

( 0 0 01 0 0 0 ry un M, In
1 0 0 0 1 0 0 T12 Uig Yi2
: : : : My, :
1 0 0 0 0 0 1 riw, urn, ) Sy _ | N (5)
1 0 ... 01 0 ... 0 LD3] Uz Y21
0 1 0 ... 00 1 0 ... 0 1o Uzg SN, Y22
RS ST VUE S S RN S : —a :
\0 00 ... 10 0 0 ... 1 ryn, unn, ~b YN.N,

or Ax = y which is a system of at least N, + N, + 2 linearly independent equations.
In equation (5) ri; = log(R;j/ Rres), wij = (Rij — Rres), and yi; = logAi; + K(Ry.y).

The vector of unknowns (x) can be found by inversion of A, under the constraint
that the station corrections sum to zero (Y52, Sk = 0). The regression coefficients
a (geometrical spreading) and b (anelastic attenuation) determine the form of the
—logAg curve in accordance with equation (3). The connection to Richter’s Ay def-
inition is achieved as explained above by anchoring our —lugAg values to those of
Hutton and Boore (1987), resulting in the following relation

K(Ryes) = 1.110 log(R,c;/100) + 0.00189( R,es — 100) + 3.0 (6)

which is seen to give a value of 2.0 for 17 km (as suggested by Hutton and Boore) and
3.0 for a distance of 100 km (as used by Bath). At the reference (anchoring) distance,
the same amplitude will correspond to the same magnitude in Norway and California.
We return below to the question of selecting an appropriate value for K(R,.s) for this
study.

DATA

The earthquake recordings used in this study are listed in Appendix 1, comprising
altogether 741 records from 21 stations and 195 earthquakes occurring in and around
Norway between 1971 and 1989. The epicentral distances covered are in the range 20
to 1600 km. Stations and epicenters are shown in Figure 1, resulting in a ray path
pattern covering the entirc Norway and adjacent arecas. The stations are also listed
separately in Table 1, together with the number of records from cach station and the
station corrections resulting from the inversion of one particular subset of the data.

Originally, a much larger data base was considered, based on available earthquake
catalogues since 1971 (Bungum et al., 1990). In doing this, we identified essentially all
events with a reasonable possibility for providing records above the noise level for at
least one digitally recording seismic station, which resulted in a range of magnitudes
betweei. 1 and 5. That information was then combined with infermation aloui the




time periods of recording for the different stations in Norway (Havskov ¢t al., 1990),
which reduced the number of possibly useful records.

For each event selected, expected arrival times for the different regional phases
were calculated from standard travel time tables. A desired data interval was then
computed, covering a time window from 30 sec before the first P-arrival (to provide
noise estimates) to 30 sec after the time corresponding to a group-velocity of 1.8 km/s
(to provide data for Q-studies). The selected data intervals werc then extracted from
offline storage media and loaded into a computer data base in a common, compact and
easily readable format. During this process all available digital data were included,
without any further check on quality and usefulness. This provided more than 1000
records from more than 200 carthquakes.

The subsequent interactive analysis, to be described in more detail below, included
also a quality screening through which clipped and noisy recordings were identified
and excluded. Recordings containing interfering events were also excluded at this
stage. This resulted in the 741 records mentiond above, ready for the subsequent
M analysis. All of these records are from vertical components, and only a limited
number of these are from stations that also provide horizontal component records.

The distribution of the selected data in magnitude-distance space is shown in Fig-
ure 2. One unavoidable characteristic of such distributions is that small earthquakes
are more often recorded at shorter distances, while larger carthquakes generally have
more distant recordings. This trend is amplified if the dynamic range of the sensors is
small, leading to clipping of strong ground motions and poor signal-to-noise ratios for
weak motions. It is desircable to work with data sets with a lowest possible correlation
between magnitude and distance (Joyner and Boore, 1981; Dahle ct al, 1990). The
data shown in Figure 2 have a correlation coefficient between magnitude and distance
of 0.46.

DATA ANALYSIS

In following the methodological approach outlined above, we analyzed the selected
data as follows: (1) convert each (vertical) record into » synthesized Wood-Andersoun
(SWA) seismogram, and read the maximum zero-to-peak amplitudes of the S-wave
train (normally L,), (2) evaluate from independent data the ratio between horizontal
and vertical motion for the purpose of compensating for this effect (real WA seismo-
grams are all horizontal), (3) select a reference distance for connecting to Richter’s
My definition, (4) rcad the maximum S-wave (L,) amplitudes from the original un-
corrected seismograms, and then convert to ground motion, and (5) perform a lincar
regression analysis as outlined above. Even though points (2) and (3) do not influence
the determination of the attennation terms, they are still necessary for establishing
the resulting M;, formula. Point (4) is needed for facilitating the use of amplitudes
from uncorrected scismograms, and in particular analog records.

In the following we will cover cach of these points in more detail.

Synthesized Wood-Anderson seismograms
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The main problem in creating the SWA recards is the fact that the WA tarsion ey
rographs are more broad band than the mostly short-period scismometers (velocity
transducers) used in recording our data. Since the deconvolution of the instrument
response and the convolution with the WA response is performed in the frequeney
domain, a proper prefiltering reflecting the frequency limitations of the recording
systems becomes very important in order to avoid instabilities. For the regicenal mi-
crocarthquake networks in southern, western and northern Norway (recording at 50
Hz) we have used a passband of 0.8 - 20 Hz, for the regional arrays NORESS and
ARCESS (recording at 40 Hz) 0.8 - 15 Hz, for NORSAR (recording at 20 Hz but with
an anti-alising filter at 5 Hz) 0.2 - 5 Hz, and for the NORESS intermediate-period
(broad band) data (recording at 10 Hz) we have used a filter at 0.02 - 2 Hz. Table |
shows the number of records used from each of these svstems.

In addition to synthesizing WA seisinograms, which was done interactively i or-
der to secure the higiuest possible quality, a considerable effort was also invested in
acquiring the right system response functions (in complex form). Because of fre-
quent changes for some of the stations, this involved keeping several hundred different
responsc functions on file. Of similar importance of course is the Wood-Anderson
response, whete the frequency response is simple and well known (natural period 0.8
sec, damping ratio 0.8). It has been kuown for some time, however, that the static
magnification of the WA scismographs probably is lower than the theoretical value of
2800 (Bakun and Lindh, 1977; Luco, 19382 Hutton and Boore, 1987; Boore, 1939).
Convincing evidence in this respect has now been forwarded by Urhammer and Collins
(1990), showing that the magnification of the Wood-Anderson seismographs is 2080
rather than 2800 and that the proper damping ratio 1s 0.7 rather than 0.8, We have,
in accordance with this finding, used a magnification of 2080 and damping ratio of 0.7
when creating our SWA records, vielding magnitudes 0.13 units helow those obtained
with the earlier value.

The reading of the maximum amplitudes (zero-to-peak) of the selsmograms is
both simple and reliable when done interactively fmanually) in the way it was done
in this study. Naturally, both the time and period of the maximum wave of the SWA
seismograms, in some cases, can be quite different from what would appear on the
uncorrected records.

Horizontal vs. vertical motions

The recording capability for the majority of stations contributing to this study is
limited to vertical component recording. Realizing that the original Richter (1935,
1958) definition of Al s for horizontal components of motion, the strategy for this
study was to obtain the horizontal to vertical component relationship in a sparate
analysis for stations where bhoth components are available. The vertical amplitudes
should then be corrected according to this relationship by assuming (preferably) a con-
stant correction factor, thus providing regression results for the horizontal component
as required.

To this end, we compared amplitudes of vertical and horizontal components for
the available three-component seismograms. A total nmber of 126 three-component
recordings from 100 cvents for the stations NAONRAO. ARAO and LOEF were avail-




able for this. For cacli three component record we computed the fraction

py = VD Ulog A, 4 log ) -
1“.‘/ A z

where A,, and A, are amplitudes from the two horizontal components and A, from
the vertical component. A plot of the data points is shown in Iigure 3, demonstrating
in fact that the difference in size between horizontal and vertical components 1 this
case is insignificant. The mean value of the ratio is 1.008 and the correlation coefficient
is 0.99. In accordance with this, the vertical amplitudes are used in our study as if

they were horizontal.

Referenee distance

We have already introduced the concept of the reference distance in equations
(3) and (4), and indicated that a value of 100 ks would be inappropriate because
of the significant regional differences in attenuation between Norway and Souther
California at that distance. The solution to this problem is of course to choose a
distance that is small enongh to ensure that earthquakes with similar energy release
will create the same size ground motions (as measured on a WA seismograph) in the
two regions. That mav sound simple, but 1t is not.

The first condition that must be fulfilled in this respect is that near-source ground
motions are comparable for wave propagation through the late Cenozoic rock forma-
tions in California and the Precambrian and Paleozoic rocks in Norway. Campbell
{1939) has recently published evidence in support of this, finding that for earthquakes
in the same magnitude range as ours, the near-source accelerations in eastern North
America are consistent with predictions based on Californian observations, once site
effects and differences in magnitude scales are accounted for.

A second condition is that Richter’s Ag values are sufficiently reliable at hypocen-
tral distances of less than 100 km. That is probably not the case, but we can solve
this problem (as already mentioned) by using the more reliable values of Hutton and
Boore (1987). Using their Ag values, which are identical to Richter’s at a distance of
100 km, a magnitude 3.0 carthquake should be recorded with an amplitude of 10 mm
at a reference distance ({f,.;) of 17 km. Hutton and Boore recommended this value
be used in a situation like ours, securing a sufficient near-source anchoring.

A third condition, however, is that our local attenuation function can be evaluated
with suflicient precision down to the suggested reference distance. If this is not the
case, a larger R,.; should be chosen. Our average depth of 16 km of course imme-
diately precludes using any reference distance less than about 30 km. Essential here
is our distribution of hypocentral distances (see Figure 2), showing only 3 records
within 20 - 40 km, 6 within 40 - 60, 10 within 60 - 80, and 10 within 80-100 km.
We have consequently selected a f2,,.p value of 60 km, balancing the requirement of a
near-soirce reference distance with data quality considerations.

Using this reference distanee of 60 km, the resuiting Ag curves (as taken from the
regression analysis discussed below) for focal depths of 0 and 20 km are shown in
Figure 4 (solid lines), along with those of Hutton and Boore (1987) for comparison
(dashed lines). It is scen there that the difference between the —log Ay curves never
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exceeds 015 magnitude unit for any distanee wothin 100 ki (note that they ave plotted
vs. epicentral distance). For larger distances the ditterence i anelastic ativenuation
(b-val-.os) results of course in divergence of the curves,and a ditlerence ou the order of
one magnitude unit at a distance of 870 k. From cquation (6) we see that KN (R, )
obtained for R,y = 60 km is 2.G8.

Given these similarities in the near field, the main uncertanty with respeet to
the anchoring is therefore not tied to the determination of 14,5 but rather to the
underlying assumption of near-source ground motion equivalence.

Regression analysts

Using the entire data base of 741 seismograms from 195 ecarthquakes; a linear
regression analysts was performed as outhned above. However, since earthquakes with
less than two recordings do not contribute in the estimation of ¢ and hin equation (1),
we chose to use only events with a minimum of 3 recordings to also help with azimuthal
averaging. The effective size of the data base then reduces to 621 seismograms from
120 earthquakes.

Fven though epicenter estimates are available for onr events with a sufficient pre-
cision (generally within 4 515 ki), focal depths are not available for the majority
of them. We know, however, the focal depth distribution fairly well in the region
(Bungum ¢t al., 1990), and on this basis we chose to use a value of 16 km for all of
the events when estimating hypocentral distances for the regression. This factor 1s of
course of importance only for the closest epicentral distances; and separate tests have
shown that the effect is marginal within the range of realistic focal depths.

The results of this inversion for different subsets are discussed below and values for
a and b are given in Table 2. While a-values like these are commonly found, such low
b-values are possible only in truly intraplate, high-Q arcas (Kvamme and Havskov,
1989; Dahle ef al., 1990). The southern California value of Hutton and Boore (1987),
in comparison, is 0.00189. and the central California value of Bakun and Joyner (1934)
is 0.00301.

Individual station corrections constrained to have zero average are estimated dur-
ing the My, regression, and given with standard deviations in Table 1. The station
corrections are all in the range -0.21 to 40.22 magnitude units; and with a standard
deviation which varies from 0.05 to 0.10. The variation i the standard deviation
is probably attributable to the difference in the number of events recorded at the
different stations.

Amplitudes from observed (uncorreeted) scismograms

The computation of synthesized Wood-Anderson amplitudes is not feasible in all
routine magnitude assessments, in particular when analog records are considered. We
have therefore also measured the maximum (L) amplitudes (and periods) on the ob-
served (raw) seismograms, and corrected these amplitudes for system response. Note
that this is different from measuring amplitudes from response corrected (ground mo-
tion) seismograms, which should be expected to give values (ignoring gain differences)
closer to the WA seismograms.

The “observed” amplitudes are shown i Figure 5 together with the SWA ampli-
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tudes. A maximum hkelihood regression analysis (assuming the same size errors in
the two axes) gives the following relation

log A, =~ 0925 - log A, — 2.32 (8)

where Ayq 1s the SWA amplitude and A4, is the response corrected ground motion
amplitude in nanometers.

This regression is quite reliable and therefore very useful for adapting our My, rela-
tions to situations when SWA seismograms cannot easily be obtained. The systematic
difference between the two amplitudes is due to the fact that the SWA amplitudes
are often picked for waves with longer periods thereby yielding larger ground motion
amplitudes.

It should be noted here, however, that one factor contributing to the small scatter
in Figure 5 1s the fact that most of the data are taken from recording systems that
have reasonably simular (short period) response characteristics. Equation (10) below
1s therefore not necessarily applicable to other systems.

REGIONAL VARIATIONS

As can be seen on Figure 1, some ray paths extend into offshore regions, entering
geologic features such as the Viking Graben in the North Sea, and crossing the conti-
nental margin along the entire western and northern coastline of Norway (Hansen ef
al, 1989; Bungum af., 1990). The propagation of L, waves across such strong varia-
tions ‘u the crustal waveguide usually results in a strong deterioration of the L, phase
(Kennett et al., 1985; Regan and Harkrider, 1989; Bostock and Keunnett, 1990). The
continental margin arcas, and the graben structures of the North Sea represent such
varying conditions for L, propagation, resulting in some instances in a blockage of the
L, waves strong enough to make the S, phase the strongest one in the seismogram.

For this reason, and also because we wanted to see if significant variations could be
found within the more strictly continental areas, we inverted our data for a number
of subsets as shown in Table 2. Results are presented there for (1) all data, (2)
continental paths only, (3) distances less than 1000 km, (4) epicenters north of 63° N

using all stations, (5) epicenters south of 63° N using all stations, (6) epicenters north

of 63° N using only the northern stations, (7) epicenters south of 63° N using only the
southern stations, and (8) readings with group velocities equal to or below 3.8 km/s.
The number of (cffectively contributing) observations in cach of these cases are listed
in the right hand column of Table 2.

For all subsets, the data were inverted with all parameters free, and for an a-value
fixed to 1.0. The reason for this is that there is often a trade-off between the a- and
the b-values estimated in the regression. In keeping the a-values fixed it is then casier
to judge the significance of the differences in the b-values as a function of regional
variation in anclastic attenuation. Some more specific comments on the results in
Table 2 are presented in the following.




The subset that should be expected to provide the best selection of more purely
continental I, paths is subsct 2 in Table 2. The results indicate only a small differ-
ence as compared to the regression over the entire data base. This difference in fact
illustrates the trade ofl between the a-value (spreading) and the b-value (anelastic
attenuation). The resulting values are only marginally outside the estimated error
limits. The value estimated for a is actually closer in this case to the theoretical
value of 0.83 expected for an Airy (L,) phase. However, the resulting differences in
the —logAy term amount to less than 0.1 magnitude units at any distance. Similar
results are obtained for subset 3, with epicenter distances less thau 1000 km, which
serves to exclude some of the distant events located in oceanic crust. lor a fixed
a-value, Table 2 shows a slight increase in b from subset 2, probably because some of
the ray paths are sampling more offshore areas.

Subsets 4-7 were created to look for possible regional differences with respect to
the northern and the southern areas (see Figure 1). When considering the increasing
uncertainties (due to decreasing data sets), there is no basis for suggesting different
a and b values for different regions.

The final test (subsct 8) include data sorted on apparent group velocity for the
maximum amplitude arrivals of the recordings. This kind of sorting should make it
possible to exclude some of the situations in which S, (or S,) dominates the scismo-
gram instead of L,, which normally has a group-velocity of around 3.5 km/s. For
subset 8 we have therefore selected records with group-velocities of § < 3.8 km/s. As
can be scen from Table 2, this selection does not yield results significantly different
from subsets 1 and 2, showing that S, contamination is not seriously affecting our
results.

RESULTING MAGNITUDE RELATION

Having now determined the —logAg-values (in terms of @ and b), the reference
(anchoring) distance R,.; (60 k), and the horizontal to vertical ratio (1.0}, a simple
magnitude relation is obtained as:

My, = l0gAua + 0.91 log(R) + 0.00087 (R) + 1.010 + S (9)

where B = /A? + h? is hypocentral distance, A is epicentral distance, h is source
depth, and station corrections S can be found in Table 1. The a and b values are
taken here from Table 2, subset 2, which provides more purely continental L, travel
paths. Equation (9) therefore does not apply correctly (neither would subset 1) to
offshore travel paths subjected to Ly blockage, a problem which we will return to in
the Discussion.

In Figure 6 we have plotted the derived L, attenuation for Norway together with
the Hutton and Boore (1987) relation for southern California, and up to a larger
distance than shown in Figure 4. The data points plotted are our SWA readings
corrected for the M, and S terms in equation (4) using equation (9), and show the
distribution of all observations about the —logAg curve according to equation (3). The
curve and the points clearly show the difference in attenunation in southern Californian
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as opposed to that of L, phases in Norway, a difference which amounts to one full
magnitude unit at a distance of 870 ki and 1.7 units at 1500 km.

The regression of logarithmic SWA amplitudes provides, in addition to attenuation
and station corrections, new estimates of the magnitudes for all of the events in the
data set. The largest of these, with M; above 3.5, are listed separately in Table 4
together with their epicentral locations.

The residuals in the regression of the SWA amplitudes are essentially magnitude
residuals, as may be deduced from equation (1). The residual distributions versus
epicentral distance and regressed magnitude, respectively, are shown in Figures 7a
and 7b. The dotted lines indicate standard deviations of about 0.17, and the plots
show no particular trend with respect to distance or magnitude.

When replacing the SWA amplitudes (Ay,) with gain-corrected amplitudes from
observed (raw) seismograms (Aps) in nanometers by combining equations (8) and (9),
the following relation is obtained:

My = 0.925 log Ao, + 0.91 log(R) + 0.00087 (R) — 1.310 4+ S (10)

DISCUSSION

One of the limitations in the present work is that to a large extent we use short
period data (with cutoffs as high as 0.8 Hz) for synthesizing the Wood-Anderson
seismograms. This could, in particular at shorter distances and for larger events, lead
to some underestimation of the SWA amplitudes and thereby to a negative bias in
the resulting magnitudes. However, since the largest earthquake in our data base is
only My, 5.0, we expect this effect to be modest.

The stability of our analyses with the different subscts tested above reflects quite
positively on our results with respect to their usefulness and applicability. An essential
factor behind the stability is of course the good distribution of both stations and
epicenters, yielding a good coverage in magnitude and distance (taking into account
that this is a low-to-intermediate seismicity region). In addition, our data ensures a
good azimuthal coverage, which is quite important with respect to averaging of path
(tectonic) as well as source (radiation pattern) effects.

We interpret, however, this stability first of all as a reflection of the fact that
our analysis essentially is resolving attenuation characteristics between the seismic
stations, and not between the epicenter and first station. For offshore epicenters and
onshore stations we often sample only the continental parts of the path, except in
the cases when several stations along the coast record an event at different epicentral
distances. This effect creates a “continental bias” which can explain some of the
observed stability, and the result is an underestimation of magnitudes for some of the
offshore events. The problem of L, blockage due to the crustal waveguide variations
imposed by grabens and continental margins are consequently not resolved in the
present study.

A proper assessment of local magnitudes (based on maximum amplitude within
the S-wave train) for wavepaths crossing tectonic features that may cause I, blockage
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therefore requires an approach within which the transfer function for waves passing
through such areas is established. Such an approach requires an independent as-
sessment of the size of these earthquakes either through the use of teleseismic arrivals
(usually not available for these events) or F, /P, arrivals, or by obtaining S-wave train
observations (including both S, and L,) from both sides of the Ly blocking area. Data
of such kind would make it possible to establish correction terms for source areas with
L, blockage problems, included as adjustments to our existing magnitude formula.

In the mean time, and in spite of the fact that L, blockage has been firmly estab-
lished as causing a reduction in the amplitude across a relatively short transition zone,
the local magnitude formula to be adopted for observatory practice in Norway would
have to be one based on travel paths propagating essentially within the continental
crust. Hopefully, corrections for some of the offshore paths will be available later.

Up to now, we have used as mentioned earlier Bath’s relation for A, magnitudes
in Norway. When using this relation on our raw data amplitudes we find that they
are in fairly good agreement with our new SWA-based M/, values, as shown in Fig-
ure 8. It should be noted, however, that we have computed the Bath M values
using a fixed period in order to avoid the instabilities (mentioned above) caused by
the frequency sensitivity of Bath’s relation. Therefore, when comparing with earlier
reported magnitudes based on that relation, the scatter becomes much larger.

From Figure 8 we sce that the Bath magnitudes are generally about 0.4 units
higher than the new ones, an offset which can be explained by the combined effect of
using a smaller anchoring distance than Bath (60 instead of 100 km) and a different
value for the WA gain (2080 instead of 2800). When considering the fact that Bath
et al. (1976) developed their relation exclusively from analog data, and when not
considering the problems tied to the frequency dependence of the correction tables,
we can therefore conclude now that their relation is impressively accurate.

The present study has to some extent been inspired by the need within the
petroleum industry for reliable earthquake hazard estimates offshore Norway (Bungum
and Selnes, 1988). Such estimates are largely based on Ms magnitudes obtained from
historical data through a major reassessment of felt areas from earthquakes, and cali-
brated against Ms measurements from instrumental data (Muir Wood and Woo 1987).
Within this context, and for other reasons as well, a reliable rclation between this Mg
scale and our new Mj, values is therefore of much importance. For earthquakes down
to magnitude 3.5, Figure 9 presents this magnitude comparison, with the data listed
separately in Table 4. A maximum likelihood regression analysis of M versus Mg
(assuming the same sized errors in both axes) resulted in the equation

Ms =0.83 - My +1.09 (11)

This result is in good agreement with the relation Mg = 0.85: A + 0.60 obtained
earlier by Bungum (1987), using M magnitudes determined by the Bath formula.
The difference of 0.5 in the constant coefficient is consistent with the mean difference
between the new M scale and the Bath M; scale discussed above.

CONCLUSIONS
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Almost 20 years of digital data, comprising 741 records from 195 carthquakes in
the magnitude range 1-5. have been used in developing a new M, scale for Nor-
way. The data base includes records from 21 stations, and cover distances from 20
to about 1500 km. We have couverted all records (covering the maximum of the
L4 wave train) to synthesized Wood-Anderson seismograms, and inverted for L, wave
attenuation (distance corrections), individual carthquake magnitudes, and station cor-
rections. The attenuation has been developed in terms of Richter’s —logAg values,
expressed through a geometrical spreading term a and an anelastic attenuation term
b. We conclude that

(1) When using the entire data base, including also some wave paths affected by
L, blockage problems connected to offshore graben structures and the continental
margin, we find an a-value of 1.02 and a b-value of 0.00080. A subset of more purely
continental wave paths give values of 0.91 and 0.00087. Diflerences in magnitude
computed from any of these two a and b value sets, are less than 0.1 magnitude units
at any distance.

(2) Geometrical spreading terms (a-values) around 1.0 are commonly found in
many different tectonic environments, while anelastic terms (b-values) as low as 0.0008
are specific for high-Q intraplate environments such as Norway. In comparison, b
values in California are typically 2-4 times larger, indicating the same (inverse) ratio
with respect to average effective Q.

(3) Due to spatial sampling problems we have not in the present study been able
to resolve satisfactorily the problems tied to L, blockage for partially offshore wave
paths. Some of the earthquakes occurring sufficiently far from the Norwegian coastline
will therefore (still) be underestimated in magnitude when using our new A, formula.
Additional correction terms for these events will have to be developed later.

(4) When anchoring a new M, scale to Richter’s definition it is necessary to define
a reference distance at which the same sized earthquake is assumed to produce the
same ground motion, and with large differences in regional L, wave attenuation a
near-source reference distance is required. Because of limitations in our data at short
distances we have in the present study set this reference distance to 60 km.

(5) Given this reference distance, the difference between the correction factors
of Hutton and Boore (1987} for southern California and ours for Norway never ex-
ceeds 0.1 magnitude units for any distance within 100 km. At 870 km, however, the
difference amounts to one full magnitude unit, and at 1500 km to 1.7 units.

(6) It has been known for a long time that the magnification of the Wood-Anderson
seismograph probably is less than the theoretical value of 2800. Urhammer and Collins
(1990) have now convincingly established that the value is 2080, and we have adopted
the same value in the present study. This factor leads to a reduction of all magnitudes
by 0.13 units.

(7) All station corrections are found to be within £0.22, and 0.10 or less for 11
of the 21 stations used. Regression comparisons with M, values computed from the
earlier used M scale and with Mg values available for a subset of our data have
provided the necessary ties to the past.
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TABLE CAPTIONS

Table 1. Stations used in the M, analysis, with code, location, number of earthquake
recordings, and individual station corrections with standard deviations. Station 1
and 2 are subelements of the teleseismic NORSAR array (1970-present), 3 and 4 are
the NORESS (1984-present) and the ARCESS (1988-present) regional arrays, 5-10
are from the Southern Norway Seismic Network SNSN (1979-1983), 11-15 are from
the Western Norway Seismic Network WNSN (1985-present), and 16-21 are from the
Northern Norway Seismic Network SEISNOR (1987-present) (Havskov et al., 1990).

Table 2. Values for coeflicients a and b obtained for different data sets. The last
column gives the number of records (eflectively contributing) in the data set. The

fixed a-value was set to 1.00 for all subsets analyzed.

Table 3. Origin time, latitude, longitude, My, magnitudes and number of records used
in the estimation, for events with new M, values greater than 3.5.

Table 4. Events used in the Mg versus My comparison (Figure 9).
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FIGURE CAPTIONS

Figure 1. Seismic stations (left), and epicenters of events and raypaths between events
and stations (right) used in the M|, analysis.

Figure 2. Magnitude - distance distribution of events used in the M analysis.

Figure 3. Plot of the ratio of the horizontal to vertical amplitude using data from 3
component stations NAQ, NRAO, ARAO and LOF.

Figure 4. Regional L, wave attenuation values (—logAg) vs. epicentral distance as de-
veloped in this study for focal depths of 0 and 20 Am (fully drawn lines) as compared
to corresponding southern California values from Hutton and Boore (1987) (dashed
lines). The inserted figure shows a blowup for the nearest 120 km.

Figure 5. Synthesized Wood-Anderson amplitudes vs. amplitudes measured on raw
(observed) seismograms corrected for system response. The fully drawn line reflects
a maximum-likelihood regression assuming similar errors along the two axes. Dotted
lines are the two least squares regressions.

Figure 6. Regional L, wave attenuation (—logAg) curves obtained in this study (solid
line) as compared to the southern California values of Hiutton and Boore (1987) (dot-
ted line). The data points reflect the scatter in the synthesized Wood-Anderson
amplitudes.

Figure 7. Residual magnitude distributions versus epicentral distance (left) and re-
gressed magnitude (right). Dotted lines are plus and minus one standard deviation.

Figure 8. New M|, values vs. M|, obtained using the Bath et al. (1976) relation.
Figure 9. New My, values vs. Mg for a subset of events. The solid line reflects a

maximum-likelihood regression assuming similar errors along the two axes and the
dotted lines are the two least squares regressions. See main text for details.




Table 1

No Station Code [Lat Lon No Correction
1 NORSAR NAO 60.84 10.89 59 -0.15+ 0.057
9 NORSAR NC3 61.26 11.41 45 -0.21 £0.070
3 ARCESS ARAO 69.54 2551 46 0.11 £ 0.055
4 NORESS NRAO 60.74 11.54 72 0.03 £+ 0.045
5 Norefjell NFJ 60.38 9.56 28 -0.18 £ 0.079
6 Seljord SJID 59.56 8.61 27 -0.13 & 0.079
7 Drangedal DRA 5910 9.10 23 -0.12 £ 0.083
8 Serum SRU 60.06 11.26 17 -0.07 + 0.097
9 Sarpsborg SPG  59.35 11.3¢ 26 -0.01 0.078

10 Evje EVJ 5858 7.96 14 -0.16 £ 0.096

11 Blasje BLS 59.39 6.83 24 0.15 + 0.063

12 Odda ODD  59.91 6.63 34 0.00 & 0.054

13 Heyanger HYA 61.17 6.19 31 0.10 £ 0.053

14 Sulen SUF 61.06 4.76 34 0.16 £ 0.053

15 Karmgy KMY 5921 525 29 0.22 £ 0.057

16 Namsos NSS 64.53 11.97 37 0.00 £ 0.053

17 Moi Rana MOR 66.24 14.77 24 -0.02 £ 0.061

18 Tromse TRO 69.63 18.93 48 0.08 £+ 0.053

19 Molde MOL 6257 7.55 31 0.07 £ 0.056

20 Lofoten LOF 68.13 13.52 41 0.10 £ 0.057

2] Kautokeino KTK 69.01 23.2¢ 48 0.02 £ 0.055
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No Data set a-value b-value b-value when a= 1.0 | No.
T 1 All data 1.02 £ 0.093 0.00080 + 0.000092 0.00082 + 0.000048 | 624
2 Continental paths | 0.91 £ 0.107 0.00087 £+ 0.000114  0.00079 £ 0.000059 | 442

3 Maximum 1000 km | 0.89 £ 0.109 0.00191 £ 0.000136  0.00089 + 0.000065 | 576

4 N 63° all stat. 0.84 £ 0.160 0.00102 £ 0.000150 0.00089 + 0.000070 | 322

5 S 63° all stat. .86 £ 0.160 0.00111 £ 0.000290 0.00089 £ 0.000150 | 302

6 N 63° north stat. 0.76 £ 0.210 0.00122 4 0.000240 0.00098 + 0.006110 | 182

7 S 63° south stat. 0.73 £ 0.160 0.00142 £ 0.000320 0.00097 £ 0.000160 | 282

8 P, < 3.8km/s 1.07 & 0.100 0.00074 £+ 0.000110 0.00080 £ 0.000060 | 456

Table 2
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Table 3

Origin time Latitude Longitude | Mag No
1972 OCT 25 182550.5 | 70.900N 6.700W | 4.10 2
1974 APR 28 125251.0 | 68.700N 16.200F | 3.90 1
1975 JAN 20 104729.1 § 71.704N 14.2051 | 3.81 2
1977 APR 06 1931451 | 61.734N 2283E | 415 1
1977 APR 30 2332419 | 68.107N 10.644F | 3.50 2
1977 NOV 09 1414423 | 63.169N 1.934k } 3.76 1
1978 SEP 19 145233.9 | 62.338N 1.538E | 3.70 1
1981 SEP 03 183941.1 | 69.577N 13.961F | 4.04 7
1982 APR 19 094928.0 | 61.650N 13258 | 3.63 D
1982 JUL 29 001657.8 | 61.142N 0.809E | 412 1
1983 MAR 0S8 184355.7 | 59.647TN 53878 | 4135
1986 FEB 05 175335.3 | 62.736N 4.6651 | 4.72 1
1986 APR 04 2242353 | 70.889N 88731 | 3.82 1
1986 JUL 14 135037.9 | 58.457N 13.753E | 4.14 4
1986 SEP 00 221125.3 | 60.803N 2929E 1 399 2
1986 OCT 26 11314443 | 61.626N 3913k | 4.36 2
1987 OCT 31 100914.9 | 61.105N 4294} 3.57 5
1988 JAN 31 185142.1 | 68.086N 9.2121 | 3.68 11
1988 APR 25 200933.0 | 78.560N 6.105E | 3.60 1
1988 AUG 08 195934.0 | 63.672N 2.386K | 496 5
1938 DEC 06 162141.8 | 77.010N 26.140E | 3.74 6
1989 JAN 20 093346.2 | 57.618N 3.479E | 4.0] )
1989 JAN 23 140628.5 | 61.952N 4.404F | 4.82 )
1989 JAN 29 163822.2 | 59.65IN 6.016E | 4.41 5
1089 APR 16 063443.6 | 67.580N 33.630L | 3.83 3




Table 4

Origin time Latitude Longitude | Ms M|
1974 APR 28 125254.0 | 68.700N 16.200E { 4.3 3.9
1975 JAN 20 104729.1 | 71.704N 14.205E { 4.2 3.8
1977 APR 06 193145.1 | 61.734N 2.283E | 4.6 4.2
1977 APR 30 233241.9 | 68.107N 10.644E | 3.9 3.5
1981 SEP 03 183941.1 | 69.577TN 13.964E | 4.4 4.0
1982 APR 19 094928.0 | 61.650N 4.325E | 4.1 3.6
1982 DEC 15 064441.3 | 62.283N 5.368E | 4.1 3.5
1986 FEB 05 175335.3 | 62.736N 4.668E | 4.8 4.7
1988 AUG 08 195934.0 | 63.672N 2.386E { 5.3 5.0
1989 JAN 23 140628.5 | 61.952N 4404E | 5.1 4.8
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—Log(AQ) Curves and Data Points
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Magnitude Comparison
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tognitude comparison: Ms = 0.83 * Ml + 1.09
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APPENDIX A

List of Recordings Collected and Processed

Explanation of Codes and Parameters Listed

Header line for each event

1977 APR 06 ISC 193145.1 61.734N 2.283E 10 4.4 1SC 3.9 UPP 4.6 4.2 MW
Par no. 1: [1977] Year
Par no. 2: [APR] Month
Par no. 3: [06] Day of Month
Par no. 4: (IsC] Institution determining time and location
Par no. 5: [193145.1] Origin time hhmmss.s of earthquake (GMT)
Par no. 6: [61.734N] Epicenter latitude
Par no. 7: [2.283E] Epicenter longitude
Par no. 8: [10] Focal depth in kilometers
Par no. 9: [4.4 ISC] Magnitude and reporting agency
Par no. 10: [3.9 UPP] Magnitude ML and reporting agency
Par no. 11: [4.6] Magnitude MS
Par no. 12: [4.2 M1W] NORSAR Richter compatible magnitude ML
Record line for each station
01A01 471.5 285.9 Low gain, no P-arrival (LF)
Par no. 1: [01A01]: Recording station code
Par no. 2: [271.6]: Epicenter distance in km
Par no. 3: [285.9]: Azimuth i degrees
Par no. 4: [Comments..] Comments to data or processing
Abbreviations and codes
BER : University of Bergen, Seismological Observatory
ISC : International Seismological Centre )
NAO : NORSAR Scientist
BKH : Norsar Analyst
PDE : USGS Preliminary determination of epicenters
UPP  : University of Uppsala
NOP : University of Helsinki scientist
01A01 : NORSAR instrument 01A01
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1971 BOV 08 ISC 232444
DIST  AZINM
02Ctd 3876 302 3
01401 385.0 310.0
1972 O0CT 25 1ISC 182550.
DIST AZIN
03C00 1333.9 325.7
01401 1361.1 328.5
1973 FEB 13 1ISC 000512.
DIST AZINM
03C00 6258 33.1
01401 680.4 32.5
1973 JUw 24 ISC 210642.
DIST AZIM
01401 502.5 294.4
03C00 511.9 288.8

1974 APR 28 BER 125254.

DIST
510.8

AZINM

01401 13.7

1974 B0V 09 ISC 071423

DIST  AZINM
03C00 937.0 355.9
01401 981.8 357.2

1974 DEC 18 ISC 201215

DIST AZINM
03C00 736.3 357.0
01401 781.7 358.8

1975 3JAE 20 1ISC 104729.

DIST AZINM
03C00 1170.8 4.8
01401 1219.7 5.5

1975 B0V 12 ISC 000616,

DIST AZIN
01401 477.4 208.2
03C00  531.9 209.0
1970 AR 27 ISC 032447,
DIST AZIM
01401  498.0 204.7
03C00 552.3 205.8
GUAT3E U [EC OT 550
nisT PO
n.a0 356 6 580
01A01 406.3 54.1
AR L A r
LISt ilif
01401 281.6 118.8
03C00 284.5 130.3
1977 AR 6 J3C 144145
Ly Ay
cotr 4TS YRE D
03C00  486.3 230.2
1977 APR 3 15C 0)2736.
DIST  AZIM
01401  499.6 215 4
cye . 2080,

5

1

.9

.6

0

5

9

62

70

65

62

69

67

1

§7

61

s7

.9461

.9008%

.787%

.4301K

. 7001

.635K

.8548

.TO4K

L0118

L7340

SSAE

7344

096N

18

16.

10

14.

7

o

.069E

.T00¥W

.887E

.004E

200E

.6T6E

.490E

20SE

.173E

.491E

.356E

: 254F

.108E

33

33

a3

33

33

33

20

95

1¢

33

-

.0 PER

.9 PDE 4.7 PEN 4.3

.3 IsC 4.1

.0 ISC 4.5 PEN 4.2

3 FER 2.9 kr¥

-

Saturated, no P-arrival (LF)
Saturated, no P-arrival (LF)

Ox (LF)
Ox (LF)

PEE 3.1 PEN

No P-arrival
Bo P-arrival

Comments....................
No P-arrival (LF)
Bo P-arrival (LF)

Comments....................
Saturated, no P-arrival (LF)

3.8 PEN
Comments....................
o P-arrival (LF)

Noise window = 3 sec (LF)

Comments....................
Noise window < § sec
Ok (LF)

Ok (LF)
Ok (LF)

.7 IGS 3.7 1GS 3.1 MW

Saturated (LF)
0k (LF)

NAQ 2.4 UPP 2.3 N1W
Comments....................
No P-arrival
§o P-arrival

.6 MAC 2.9 UrP 1.7 v

Comments
Saturated (LF)
0k (LF)

Comaente
Ok (LF)
0k (LF)

¢ 3.9 UPP 4.6 4.2 M1V
vezments
Low gain, no P-arrival (LF)
Clipped

PDE 1.8 IGS 2.2 X1¥
Comments . ..
Bo P-arrival
X~ P-arr va)
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1977 APR 30 1ISC 233241
DIST AZIM
03C00 764.1 357.6
01401 809.8 359.3
1977 BOY 07 1SC 003428
DIST AZINM
03C00 1179.7 36.3
1977 MOV 09 ISC 141442.
DIST AZINM
01401 535.2 302.8
1977 DEC 05 ISC 034450
DIST AZINM
01401 493.2 294.3
03C00  502.7 288.6
1978 JAN 09 NOP 024734
DIST AZIN
01401 324.1 252.6

03CO00 366.8 247.%

1978 FEB 24 ISC 110435.
DIST AZIM
01401 506.6 291.7
03C00 518.5 286.2
1978 MAR 07 1ISC 023155.
DIST AZIM
01401 485.4 201.9
03C00 639.3 203.3
1978 MAR 16 ISC 101111
DIST  AZINM
01401 566.6 253.1

03C00 608.4 250.1

1978 MAR 20 ISC 035739
DIST AZIM
03C00  304.7 302.7
01201 310.4 312.3
1978 APR 25 1ISC 010236,
DIST AZIK
01401 373.4 235.4
03C00 423.8 232.8
1978 APR 29 1ISC 211101
DIST AZINM
03C00 398.5 22.2
01401 452.4 22.9
1978 SEP 19 1ISC 145233
DIST AZIN
01401 523.0 292.6
1978 FOV 14 ISC 234018
DIST AZINM
03C00 650.2 12.7
1978 DEC 04 1ISC 104626
DIST AZIN
03C00 627.5 9.5
01401 678.3 10.7

1978 DEC 09 IGS 210156.

.9 68.

.9 68

3 63.

.9 62

.6 %9

2 62

2 56,

.8 59

.0 62

4 58

.9 64

.9 62

.3 66

.8 66

1078

.9161

1698

.3988

.8608

.2290

7648

.015%

.648%

.8298

.5388

.338%

.9191

L7971

.4801

10

28

14

13

.644E

.98TE

.934E

172E

.360E

.806E

.931E

.420E

.408E

.562E

.554E

.S38E

.6T2E

.755E

.200E

14

10

30

10

33

33

10

i0

~

—a

IsC

Comments. ..., ..

Bo P-arrival (LF)
Bo P-arrival (LF)

.8 PEN 3.5 UPP
Comments.......

Ok

.6 PDE 4.7 IGS
Comments. ... ...

Low gain (LF)
PDE 4.4 IGS

0x (LF)
Ox (LF)

MAC 2.5 ¥OP

Comments.......

0k
Ok

.2 IGS 2.7 ®OP

Ok (LF)
Ok (LF)

.0 PEN¥ 3.5 1IGS
Comments.... ...

0k
Ok

IGS 3.6 IGS

.3 MAC 3 2 UPP 4 1
Comments.......

Clipped
Low gain (LF)

Low gain (LF)
Saturated (LF)

.7 KAC 3.1 UPP 3.8

Ok (LF)
0k (LF) (3C)

.7 1GS
Comments.......

Low gain (LF)

.0 %40 3.3 UPP

34
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DIST

1973 DEC 27
DIST

03COv  624.2
01401 674.8

1973 DLC 14
DIST

1975 DEC 23
DIST

014Nt 463 .7

1980 MAY 27
DIST

03C00 744.5
01401 796 .1

198C OCT 17 LEKB 185720.

DIST  AZIM
¥F) 336.9 312.5
01401 365.1 299.8
03C0C 370.4 291.8
SJD 373.7 327.8
DRA 431.0 328.6
SRU 431.2 308.8
SPG 488 .0 315.8
1980 N0V 17 BKH 181150.
DIST AZIN
BFJ 440.7 294.3
SJD 442.2 307.2
DRA 495.2 310.3
SRU 540.9 294.9
SPG 582.6 301.9
1981 JAN 28 BKH 144322.
DIST AZIM
} 138 S.4.1 14.0
SRU 52 0 6.7
SFG 130.1 $.7
sJD 736.3 15.5
DR4 778 .4 13.0
9Bl FeE 3 FRY OEL90Y
L 22r
) vt ¢ a1 2
sJD 314.2 100.9
9Pl FEE 27 [R3 113518
v1sy [¥AS
03CO0C 1081.3 358.5
01401 1125.7 356.6
BFJ 1174.9 1359 2
Sy 11 ' by
14 .
Sit (VEREE BT SR
[71.¥ % 121t B ot U
HEL R T TR
L1®) aLip
[ 1 451 . 4 30 1
S A

ALIN
014u1 419 6 283 .1
03coe 439 7

276 .

€

I1SC 153334
ALIM

8
9

IS¢ 031338

6
9

AZIN
03Cu0 §24.3 U26.5
01401 549.3 331.2

Is¢ 14

AZIN

104.

BKH 165556

0910.

7

AZIR

12.
13.

1
0

3

3

3

2

€

66

65

59

62

61

65

St

70

7851

0581

5441

.1501

.341K

.796%

. 8648

913F

914

EAY Lasbss 8 t) KRl

13 525E

§.257E

18.334E

15.105E

4.767E

1.929E

12.913E

12 974F

9 OBLE

4 99%E

7 2.9 BAD 3.1 UPP

10

3.0 PEN 3.6 40

2.9 BAD 2.9 IAD

3 CUPP U 1 MO

Comments . .
0k
Ok

Comments .. . ... ... e
Ok
Uk

3.6 UPP

Saturated (LF)
Uk (LF) (3C)

3.2 urpP

Ox (LF) (3C)

0k (Two file-sets) (LF)
ox (LF) (3C)

2.9 su¥
Comments . ........ ... -.---..
Ok
Ok
Ok
Ok
Ok, local expl. in Lg window

3.3 UPP
Comments .. ..........:.00.as
Sarurated
Saturated

3.7 BAC
CORIMENtS .. .........ctn0susn
Ok
114
Ox
10}

a
U
un

Cunments . P
Saturated
fa vnrarec

-
b}




01401 335.6 292.6 ox (3C)

DRA 382.6 325.6 ok

SRU 394.8 303.5 0k

SPG 446.8 311.7 oK

1981 MAR 20 BKH 051101.6 68.378# 8.998E 3.2 140 2.6 M1V
DIST AZIM Comments............coonuu..

03C00 801.5 352.9 Ok

NFJ 892.2 358.5 Ok

SJD 983.7 0.9 0k

1981 APR 29 BKH 030849.8 61.2568 4.119E 2.9 s§¥ 2.4 M1W
DIST AZIN Comments....................

NFJ 311.8 290.6 Ok

SJD 311.8 309.3 1] 4

DRA 365.6 313.1 Ok

SRU 412.1 291 9 0k

SPG 451.7 301.1 0k

1981 MAY 22 BKH 034230.7 $5.590F8 23.290E 2.9 sil 2.3 M1V
DIST AZIM Comments....................

03C00 762.4 45.7 Ok

01401 815.5 44.3 0k

1981 JUN 22 BKH 043814.6 65.794% 0.194E 9 4.3 ISC 4.0 NAD 3.2 M1V
DIST AZIM Comments............c.o00n0.n,

03C00 751.0 317.1 0k (LF)

1FJ 765.4 326.0 0k

01401 767.3 320.5 ok (LF) (3C)

SJD 816.7 331.9 ak

SRU 848.4 323.5 0k

DRA 874.1 332.2 Gk

SPG 916.8 326.3 Ok

1981 JUN 22 BKB 185318.6 59.469F 22.854E 19 3.2 1AO 2.7 M1¥
DIST AZIM Comments. .........ocvunvuunns

SPG 653.3 83.9 Ok

SRU 654.2 90.8 1] ¢

03C00 661.2 102.5 Ok

01401 681.1 97.7 ok (3C)

¥FJ 749.1 92.0 Ok

DRA 783.8 81.1 Ok

SJD 804.8 84.5 0k

1981 JUL 15 BKH 081017.0 65.6631 0.215E 29 3.3 IGS 2.2 M1¥
DIST AZINM Comments. .. ............0.0....

§FJ 754.0 325.3 Ok

1981 SEP 03 BKH 183941.1 69.5778 13.964E 4.8 ISC 4.7 UPP 4.4 4.0 M1W
DIST AZIM Comments....................,

03C00 934.5 6.1 Saturated(two file-sets)(LF)

01401 984.0 7.0 Saturated (LF)

| 18 1045.7 9.5 Saturated

SRU 1068.3 5.7 Saturated

sJD 1145.2 10.5 Saturated

SPG 1146.6 5.1 Saturated

DRA 1190.1 9.2 Saturated

1981 SEP 07 BKH 075207.5 72.6518 13.400E 4.3 1ISC 3. €10 3.2 M
DIST AZIN Comments. . ..................

03C00 1273.0 3.0 Ok

01401 1321.% 3.7 0k

1981 NOV 11 BKH 024852.3 57.099R 13,247E 2.7 UPP 2.9 EAO 2.3 1v¥
DIST AZINM Comments....................

SPG 274.9 155.1 1] 4

sJD 3g6.3 133.2 Ok

§F) 423.0 148.1 1] 3
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01401 438 7 161.0 Ok

23000 475.4 166.5 0k

1982 ti 04 HKKH 182204 2 59.2791% S.601E 2.8 ¥A0 3.8 2.5 Mlw
DIST AZTHM Comments. .........cooouvo-ns

SPG 326 & 271.0 0Ok

01401 342.0 241.7 Ok (LF) (3C)

03C00 390.1 238.1 0k (LF)

1982 1AW 21 BRH 195739 1 68 245K 10.914E 3.2 BA0D 2.8 M1W
DIST A7IN CommentS.........--ccoovnons

03Coc  778.9 3585 3] 3

01401 825.1 0.1 Ok

| 130) 879.3 3.7 Ok

SJD 975.0 5.6 Ok

SPG 991.56 359.0 0k

DRA 1022.9 4.2 1) 4

EVJ) 1086.8 6.5 Ok

1982 MAR 17 1SC 223309.7 62.089K 1.974E 10 4.2 1IGS 2.9 M1V
DIST AZIM CommentsS.........co0ncemvvns

§FJ 449.5 298.4 Ok

sJD 458.1 1310.9 Saturated

EVJ 511.4 322.3 Ok

DRA 512.3 313.5 1] 4

SRU §49.0 298.3 Ok

SPG 594.4 304.8 Ok

1982 MAR 19 BEH 005205.1 65.0208 1.422¥ 1 3.6 siI 2.5 Mlvw
DIST AZIM Comments..........c..ouovnenn

| 18] 663.2 324.7 0k

SJD 713.3 331.6 1] 3

SRU 747.7 321.8 Ok

DRA 770.7 332.0 1) 3

EV] 795.0 337.2 Ok, spikes in Lg window

SPG 814.0 325.0 [1) 3

1982 APR 19 BKH 094928.0 61.650% 4.325E 4.0 NAD 4.1 3.6 M1W
DIST AZIM Comments. .........conuencons

iF} 316.5 298.8 Lov gain

sJp 331.0 316.7 Low gain

DRA 386.8 319.2 Low gain

EV] 396.9 331.0 Low gain

SPG 462.3 306.6 Low gain

1982 iR 20 BXH 131929.8 59.197F 6.303E 3.6 WAD 3.2 Mlw
DIST AZIN CommentB. ... ... oonersoonns

EV] 117.5 306.3 Low gain

S 147 3 254 1 Low gain

ORS v5) 1 274.9 Lo- gain
225..  235.% Low gain

SPG 287 6 W68 7 Low gain

GG T RS N AL A S R 0 RN9F 20 4.4 BER 4 3 4.1 1w
ris- A I Co-ments. .
545.. 277.¢ Low gain (i

1982 UG 06 BRE 074123.1 60.621% 6.336E 3.3 N0 2.9 MW
N¥ST AZTN Conments. .......ccuvvruvenan

$J0 73 5 341 Lo. ya'm

1 179.3 237! Low gain

LET 29 1 us 7 Low gain

EV] 244 .9 338 7 Low gain

3o L Nk, some samples edited

a1 GaF 17 -4 1123512 7 65,9740 15.6G17E 27 3.4 1A 3.0 MW
DIS1 A\ZIK Comments........ e e

[ [ 393 3 6 1 o visible 2 .- '
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%o visible P-arrival
No visible P-arrival
No visible P-arrival

SPG 986.8 10.5

3J)D 1001.6 17.0

DRA 1042.3 15.2

1982 BOV 23 BKH 165836.5 60.7891
DIST AZIM

sJD 340.2 296.2

iFJ 362.2 280.1

EV] 371.8 313.5

DRA 388.7 301.5

SRU 461.4 283.7

1982 DEC 09 BKH 202108.0 66.375)
DIST AZINM

§F) 674.2 353.2

SRU 724.6 347.6

SJD 761.2 357.2

SPG 803.0 348.6

DR4 813.1 355.9

EV] 868.5 359.5

1982 DEC 15 BKH 064441.3 62.2838
DIST ALIN

iFJ 308.8 315.2

SID 351.1 331.3

DRA 408.5 331.7

EV] 436.2 342.0

SPG 460.3 317.7

1982 DEC 27 BKH 181516.4 61.620K
DIST AZIM

NFJ1 339.1 296.5

s$JD 348.3 313.4

DRA 403.3 316.3

EVJ 408.7 327.6

SRU 438.9 296.5

SPG 483.2 304.7

1983 JAN 04 BXE 024033.6 58.5688
DIST AZIM

EV) 436.7 273.0

sSJD 480.8 260.3

DRA 6502.5 266.9

BFJ) §53.9 252.6

SRU 636.7 259.6

1983 FEB 24 BKH 041947.1 60.291K
DIST AZIN

$JD 385.9 285.2

EVJ 394.4 301.4

§FJ 424.8 272.0

DRA 427.7 291.1

SRU 521.2 276.9

SPG@ 541.0 285.2

1983 MAR 08 BKH 184355.7 59.6478
DIST  AZIM

8JD 182.56 274.6

EV] 189.2 309.9

DRA 219.4 287.6

iF] 246.6 252.5

SPG 338.6 278.1

1983 NAR 08 BKH 185206.1 59.7138
DIST AZINM

EV) 190.9 312.3

iFJ 240.7 253.8

SRU 327.3 265.7

3.004E 18

3.0 mAD

COMMENtS . ... ocvotaannsnnnnns

Ok
Ok
0k
0k
0k

7.790E 4.4 15C

5.368E

3.2 §AOD

Lov gain

3.837E 3

3.0 ma0

Comments........c..cocnvuvenns
Lovw gain
Lov gain
Lov gain

0k
0k
[1) 4

0.451¥

3.2 30

Comments. ........c.oonavannve

To
Bo
¥o
| [
Bo

1.869E

5.387E 4.8 PDE

pP-arrival visible
p-arrival visible
P-arrival visible
P-arrival visible
P-arrival visible

3.0 M0

4.7 10

Low gain
Low gain
Lov gain
Lov gain
Lov gain

5.452E

3.0 NAD




SPG 335.4 279.4
1986 JiY 19
DIST

SORESS 442.7

AZINM
7.0

198€ JAN 25 ISC 231323

DIST AZIM
B0RESS 313.0 67.3
1986 JAN 31 NOP 060016

DIST AZIN

NORESS 523.7 353.7

1986 FEB 05 BER 175335.

DIST AZIN
STF 222.5 40.9
JORESS 425.9 304.5

1986 APR 01 BER 095658
DIST AZIM
WORESS 456.5 176.4

1986 APR 04 BER 224235
DIST AZTM
BORESS 1138.5 355.1

1986 JUE 15 BER 150105
DIST AZIM
BORESS 423.2 287.6

1986 JUL 14 UPP 111955
DIST AZIX
BORESS 659.0 11.5

1986 JUL 14 BKH 135037

DIST AZIM
BORESS 282.8 152.8
0Db 438.1 108.6
BYA §20.4 122.1%
SUE 581.9 115.9

1986 JUL 14 BKH 14453%.

DTRY  AZiNM
BORESS N 7 153 R
BLS 14 427.7 104.9
00D 456.5 111.4
BYA 543.3 123.9
SUF 603 2 117 7
10 MR L TR I F -7

DIST AZIN
JORESS 683.5 6.0

1995 AlJF N4 ¥ND 1QSn41
DIST AZTM
FORESS 633.3 335.5

e 411G 90 UTR A72R19

pTSY A7TH
wnas 411 1 274 O
1986 SEP 01 BER 221125.
DISY A21M
01401 32 2729
WARECS 469 1 747
1987 * W F s

I.C 045%2F.

.6 61,

.0 65

.0 56

.3 70.

.0 66.

.9 58

2 64

6738

7108

. 4008

3 62.7360

.6448

883¥

9 61

L6708

500N

.4574

2 58.2100

0 G5 800y

4 50 T79%

3 60.8058

12

17

10

12

14.

13

17

.6FR8E

.006E

.300E

.668E

.014E

.873E

.S06E

SO0E

.753E

.872E

174k

Q00E

.929E

[ 3

3.3 ¥o0P

0k (3C)

10 3.3 uppP

Comments...........

Ok (3C)

3.0 §OP

Comments...........

0k (3C)
16 5.0 PDE 4.2 BER 4.8

Ok (problems)
0k (8F) (IP) (3C)

15 3.6 BER 3.3 BER
Ok (c4) (IP) (3C)

29 4.6 PDE 3.5 BER

Comments...........

ok (c4) (IP) (3C)

3.0 BER

Comments...........

Ok (Cc4) (3C)
3.0 UPP
Ok (c4) (3C)
16 4.1 UPP 3.9 BER
0k (BF) (IP) (3C)
Clipped
Ok
0k
21 3.4 1AQ 3.1 BER
0k (c4) (3C)
Ok
Ok
Ok
Ok
17 3 4 RER 3.4 WA0
Ok (C2) (3C)

2 0 NOP

Comments . ..........

Ok (C4) (30
4 2.9 BER

Carmente
e (C2)
12 3.5 BER 3.5 BER

Low gain (LF}
Nk (C2Y (TP) (3C)

A 3 3 BER




DIST AZIX Comments....................

WORESS 273.4 104.6 ok (C2) (3C)

BLS 14 537.0 78.3 Ok

oDD 639.3 84.4 Ok

aYd 567.2 98.4 Ok

KNY 629.1 76.9 Ok

SUE 642.1 95.2 1] 3

1986 OCT 26 BER 113444.3 61.626% 3.918E 11 4.5 PDE 4.0 BER 4.4 NIV
DIST AZINM Comments....................

01401 384.1 286.1 Low gain (LF)

BORESS 421.7 286.9 ok (c2) (IP) (3C)

1986 ¥OV 02 BER 074800.6 58.577N 13.420E 11 3.4 BER 3.4 BER 3.2 M1v
DIST AZINM Comments....................

NORESS 262.7 155.4 0k (C2) (3C)

BLS 14 389.6 100.6 Clipped, processed

and 414.2 108.7 ok

kMY 476.2 95.0 0k

BYA 496.9 122.3 Ok

SUE 568.3 115.8 Ok

1987 JAN 06 BOP 044444.0 65.7000 0.200E 3.5 §OP 2.6 M1u
DIST AZINM Comments.............couv0..

NORESS 792.6 319.1 ok (3C)

1987 JAN 19 BER 040732.2 55.9700 4.871E 2.9 BER 2.2 v
DIST AZIM Comments...........co0unvennn

NORESS 658.3 219.2 Ok (3C)

1987 FEB 04 BER 120244.0 61.586K 4.586E 17 3.7 1B2 3.3 BER 3.1 M1¥
DIST AZIM Comments. .......c.oovouninn.nn

SUE 69.7 351.0 Clipped, processed

2Ya 97.6 299.4 Clipped, processed

oDd 214.7 329.0 Ok

KNY 267.0 352.4 0k

BLS 14 273.9 334.2 Clipped, processed

NORESS 386.1 287.2 0k (3C)

ss 496.6 232.0 [3) 4

1987 MAR 01 BER 064208.1 57.2858 6.821E 10 3.2 BER 3.0 M1¥
DIST AZIM Comments....................

my 233.7 156.0 0k

oDD 297.0 178.2 Ok

BYA 433.9 174.9 1} 3

SUE 436.4 163.4 Ok

NORESS -470.1 217.3 0k (3C)

KoL 590.2 184.3 Ok

1987 APR 04 BNOR 072914.3 67.3820 7.549E 30 3.1 BER 3.0 Ml
DIST AZIM Comments....................

LOF 265.9 254.5 0k

HOR 341.8 295.2 Clipped, processed

| &3] 376.9 329.7 Saturated

KOL 636.5 0.0 0k

BYa 696.1 4.8 Bo P-arrival

SUE 717.8 9.6 Noise window < 1 sec

NORESS 765.8 347.0 0k (3C)

[1}2]1] 829.6 2.6 0k

KNy 917.8 6.2 Ok, long period pulse in Lg

1987 APR 19 WOR 123953.2 67.8731 19.624E 1 3.2 BER 3.2 BER 3.0 M
DIST AZINM Comments....................

1§14 196.1 231.%1 0k

NOR 279.0 47.0 Clipped, processed

uss 607.1 39.3 Ok, 1 sec datagap in Lg win.

NOL 816.1 38.3 1] 3

NORESS 885.1 22.6 ok (3C)
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1987 APR 19 UOR 221525 § 57 .369%

DIST
KMy 262.0
(] 298.1
NORESS 425.7
HYA 435.7
SUE 451.0
MoL 580.1
¥uss 825.8
1987 MAY 21

DIST
MOR 275.1
LOF

AZIN
140.
164.
209.
165.
154
177.
196.

NN W= a

BEL 163141.0 67.1 §
AZIN
66.9

321.9 107.6

1987 XAY 25 BOR 023525.6 61.783%¥

DIST

AZIN

WORESS 382.6 290.7

1987 MAY 27 NOP 024801 .0 67.700%

DIST
BORESS 943.

8

AZIM
30.0

1987 JUN 14 NOR 032011.7 69.4228

DIST
LOF 146.3
TRO 187 .1
ESS 653.8

AZINM
10.0
265.0
9.0

1987 JUN 16 NOR 114716.8 66.434%

8 .023E

20.6 E

4.748E

22

.TOOE

14.173E

15.

169E

13 .427E

3.002E

DIST AZIM

HOR 28.3 39.2

LOF 202.2 158.7

SS 258.8 33.5

1987 SEP 04 HNOR 013149.4 69.5258
DIST AZINM

LOF 155.4 358.6

TRO 214.6 269.4

KTK 391.5 283.0

§SS 560.5 5.8

NOL 819.2 16.3

1987 SEP 04 NOR 083820 4 61.363¥
DIST AZINM

STF 64.6 78.8

SUE 100.5 290.6

YA 172.3 278.7

QoD 254 8 397

KnY 269.9 333.6

NOL 273.7 242.6

BLS 14 304.6 317.8

Q140 498 2 91 9

03Co 450 - 275.1

WORFSS> 466.3 282.7

NSS §75.2 236.2

1987 SEP 05 HNOR 011722.9 65.656F 12.349E
DIST AZINM

uss 126.7 8.0

raF 2?0 9 191 1

MOL 4158 32.1

FOP- 5 580.0 309

KTK 538.1 276.5

1987 SFP 05 HFT, 124958 5 65 19 W

nIss

A7IN

0 07T E

(o]

15

15

15

10

2.9 BER
(o073 1 7 SO
Saturated, no P-arrival
No P-arrival
0k (3C)

1] 4
Ok
Ok
o0k

2.9 BER 2.
Comments. .......conveveenmonns
Ok
Ok
0k

3.0 BER 2.

0k
0k

2.9 BER 3.
Comments.........c.onneeenne
Clipped, procesed
Clipped, processed
Clipped, processed
Saturatec
Saturated (Iv)
0k
Saturated
Toas masn
M (LR
Ok (3C)
0x

(LEY

3.4 BER
Comments...............c0-00-
Clipped ove-»r113d
x
1)
0k (3C)
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NOL 468.9 311.8 ok

§SS 568.1 282.8 0k

LOF 677.5 247.4 0k

BORESS 763.1 315.5 ok (3C)

KTK 1084.5 258.0 0k

1987 SEP 08 NOR 094941.0 66.5698 14 .500E 15 3.2 BER 2.3 M1V
DIST AZIM Comments. .......cocovvuuenns

LOF 179.3 166.0 0k

uSS 265.6 26.1 0k

914 487.7 237.6 Ok

NOL 566.0 33.7 0k

HORESS 666.5 11.4 Ok, local event in Lg window

1987 SEP 11 BOR 163043.5 66.8950 21.073E 15 3.2 BER . { 1.9 M1V
DIST AZINM COMMORtS. .. ... ..covvuvuunnns

KTK 262.8 202.0 0k

TRO 318.0 162.8 1) 4

LOF 350.3 109.7 Ok

ss 493.6 53.7 Ok

1987 SEP 17 HEL 163552.067.1 N 20.6 E O 2.1 HEL N 2.1 MW
DIST AZINM COMMEntS. .......uov0nevuaenoen

KTK 239.8 208.5 0k

TRO 290.8 165.5 ok

LOF 321.9 107.6 0k

1987 SEP 20 NOR 063745.7 67.637F 15.042E 15 2.9 BER 1.9 K1¥
DIST AZIM Comments.........ooouurevren

LOF 84.4 130.2 ok

MOR 156.5 4.3 Ok

TRO 272.9 217.2 0k

1987 OCT 04 BER 022509.9 58.7938 1.621E 16 3.4 BGS 2.6 BER 2.5 MlW
DIST AZIM Comments..............co0nnvn

KNY 213.5 258.9 (4] 3

BLS 14 305.7 269.7 Ok (vrong gain)

SUE 307.3 216.2 0k

(1))1] 314.4 248.0 0k

HYA 367.1 226.0 0k

BORESS 597.3 253.1 0k (3C)

1987 OCT 19 NOR 053410.6 59.747F 6.631E 6 3.0 BER 2.8 M1V
DIST AZINM Comments...........oonvuennn

MOL 318.4 189.3 Saturated

1987 OCT 31 NOR 100914.9 61.1058 4.294E 19 4.2 PDE 3.3 BER 3.6 M1W
DIST AZIM Comments. .......o.covvvunenn

STF 134.3 96.1 Ok

KNy 217.4 346.3 Clipped, processed

01401 358.0 277.5 Low gain (LF)

NORESS 395.1 279.1 ok (3¢)

NOR 770.3 227.0 Ok

ARCESS 1351.0 236.5 0k (3C)

1987 NOV 01 BOR 203935.6 65.076¥ 11.807E 10 3.3 BER 3.3 BER 3.1 Ml
DIST AZIM CoOBMONtS . ...........cccnunnn

NOL 349.2 35.0 0k

LOF 349.2 193.4 0k (3C)

NORESS 464.1 1.5 ox (3¢)

TRO 692.5 214.4 1)

KTK 661.7 234.0 0k

ARCESS 768.7 236.3 0k (3C)

1987 50V 03 WOR 223515.3 68.3248 15.542E 10 3.0 BER 2.3 1w
DIST AZIN Comments.............connnus

LOF 86.3 74.7 Clipped, processed

TRO 199.2 224.5 0k
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KTK 3.5 259.8
ARCESS 421.6 256.0

1987 N0V 12 WOP 055256.0 68.2008 26.600E
DIST AZIM
ARCESS 155.3 163.0

1987 DEC 23 BKH 125932.269.4 ¥ 30.8 E
DIST AZIM
ARCESS 207.8 91.7

1987 DEC 26 BER 165742.2 59.788¥ 6.359E

DIST AZINM
INY 89.9 44.0
aya 153.8 176.4
SUE 166.6 147.4
01401 276.4 246.8
J0RESS 305.6 252.1
03C00 322.4 241.6
1988 JAN 03 BOR 203653.3 67.5908 10.399E

DIST AZIM
LOF 144.7 246.8
58 348.4 349.0

1988 Ja¥ 12 HEL 153304.067.1 K 20.6 E

DIST AZIM
KTK 239.8 208.5
TRO 290.8 165.5
LOF 321.9 107.6
B§SS 487 .1 50.2
1988 JAN 19 BER 070209.2 61.074%  4.306E

DIST AZIM
SUE 24.6 274.6
HYA 101.9 265.0
ooD 180.3 315.0
KNY 213.9 346.3
BLS 14 1233.9 324.4

1988 JAN 23 BOR 062135.7 65.653F 2.108E

DIST AZIM
MOL 433.8 324.8
SUE §29.1 346.6
YA $39.3 339.6
LOF 570.3 246.4
0DD 676.5 341.9
KNy 735.8 348.7
TRO 836.8 246.1
iTK 976.3 257.6
10KES ’23.8 323.2
ARCEdS :)77.1  257.6

1988 JAN 24 [NOR 111045.3 K57.0748 13.447E

DIST  AZ)K
tub :10.0 328.5
LOF 118.0 181.0
kTK 461.5 246.7
ARCESS 567.0 246.8
“0L 574.5 26.%
ORE>: 712.8 6.7

1988 JaN 29 NUK 125444.0 uY.12bE .. JS8SE

V1Lt (YA )]
PRCES: 1.8. 10xz.8
TRO 434.0 92.3
{.OF ©72.7 73.0
SS v33.¢u 45 . v

Ok
Ok (3C)

2.9 10P

0 3.1 BEL N

3.3 BER 2.6 BER

Saturated

0k

Ok

Low gain (LF)
Ok (3C)

0k (LF)

10 3.1 BER
Conments. ........coccuvvuann
Ok
Ok

] 3.0 BER .}
Comments....................
Ok
Ok
0k
0k

12 2.8 BER
Comments....................
Clipped, processed
Ok
)3
0k
0k

10 4.9 PDE 3.1 BER
Comments...................,
Ok
Ok
Ok
0k (3C)

Ok
Ok
Ok
Ok
Ok
uk (3C)

10 2.3 BER 3.2 BER
Comments.... .. L e,
saturated
Ok (3C)

Ok
Ok
Ck, noisy
“k

10 3.i BER 3.2 BER "
Comments....................
Ok, Rg phase pres.nt (3C)
Ok
0k (3C)
k
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WORESS 1266.1 34.8

1988 JAN 31 BOR 185142.1 68.086X

DIST AZIM
iss 414.8 344 .1
TRO 425.9 250.7
MOL 620.0 6.8
03C00 767.8 383.2
HYA 785.0 9.4
01401 811.2 355.1
SUE 812.1 13.3
NORESS 826.9 353.3
0DD 916.5 6.8
BLS 14 976.5 5.9
KNY 1008.3 9.8

1988 FEB 0t HEL 124049.4 66.44 %

DIST AZINM
TRO 397.1 208.3
KTK 460.2 235.5

KOL 651.2 35.4
ARCESS 567.3 237.7
BORESS 654.9 12.5

1988 FEB 18 BER 215037.5 60.705¥

DIST AZIM
SUE 90.8 245.1
aya 167.1 253.4
KNY 200.2 327.1
opb 206.5 295.5
BLS 14 247.1 307.9

9.242E 10 4.3 PDE 3.5 BER

14.71 E

3.254E

o

11

1988 FEB 24 NOR 175716.1 66.4310 14.624E 10

DIST AZIM
LOF 195.5 165.5
ass 245.0 29.0
TRO 399.6 208.7
KTk 463.7 235.8
NOL 547.9 35.2
ARCESS §570.8 237.9
NORESS 653.0 12.2

1988 FEB 29 NOR 184947.9 67.2951K
DIST AZINM

ARCESS 323.6 221.8

NORESS 850.5 26.9

19688 MAR 02 NOR 123838.0 69.23381
DIST AZINM
ARCESS 164.2 99.7

1988 MAR 03 HEL 173752.4 72.56 §
DIST AZINM
ARCESS 548.7 313.4

19688 MAR 05 BKH 96517.6 67.381X
DIST AZINM
ARCESS 426.4 120.2

1988 MAR 06 BER 031132.0 60.007X

DIST AZIM
oDD 44.7 278.§
BLS 14 87.2 322.§%
KNY 95.4 21.5
HYA 130.3 187.7
SUE 132.0 161.9

1988 MAR 09 BER 170715.3 60.9408

20.492E

29.598E

13.52 E

34.116E

5.875E

4.011E

10

10

0k

Comments....................
Clipped, processed
Clipped, processed
0k

Ok (LF)

0k

Low gain (LF)

Ok

0k (3C)

Ok

0k

Ok

3.3 BER
Comments.............o.v.un,
0k
0k
0k
0k (3C)

Ok (3C)

2.7 BER
Comments.........c..cov0uun,
ok
0k
Ok
Ok
0Ok

Ok
O0x (3C)
0k (3C)

3.0 BER N
Comments....................
Ok (3C)

Ok, noisy

3.1 BER |
Comments....................
Ok, Rg phase present (3C)

3.1 BER

2.0 BER
Comments....................
Ok
0k
Ok
0k
Dk

2.7 BER 2.2 M1V

14




DIST AZIM
SUE 42.6 252.5
va 120.2 258.9
oDD 183.1 308.2
KNY 204.5 340.9
BLS 14 232.9 319.1
1988 MiR 17

DIST AZINM
INY 54.1 i6 3
ooD 71.3 245.4
SUE 159.2 164.5
AYa 169.9 192.9
01401 324.4 248.7
#0RESS 354.1 253.2
03C00 369.1 244.0
1988 MAR 21 BER 201947

DIST AZIM
HYA 95.7 280.6
obD 195.0 322.1
KNY 238.4 349.4
BLS 14 251.8 329.3
WORESS 389.6 282.6
1988 MAR 31 BER 025607

DIST AZIM
KMY 318.2 201.1
BIS 14 377.8 214.%
opD 426.6 208.3
SUE 510.2 189.6

1988 APR 24 HEL 211251
DIST AZIM

ARCESS 647.4 260.7

HORESS 799.4 355.8

1988 APR 25 PDE 200933
DIST 4AZINM
ARCESS 1157.0 338.5

1988 KAY 03 BER 063413

DIST AZIM
ny 229.7 156.4
BLS 14 231.4 180.8
app 293.8 178.7
HYA 430.5 175.3

1988 MAY 12 BER 101141.

DIST AZINM
SUE 64.0 265.6
JER 118.4 306.8
HYA 141.7 264.0
™y 220.° 335.9
w3 14 254.7 316.4

1988 MAY 13 EOP 003731
DIST AZIM
ARCESS 349.1 149.0
iTK 363, ©29.7
‘RO ‘42. 0.5
“IRES»> 11, 4.5

Wt

~

338 naY 16 Bb ¢ 235073.

DIST  AZINM
ARCESS 276.5 219.4
SORESS 897.4 27.8

.9 61

.8 56

.0 67

.0 78.

.3 87

9 61.

.0 66

BER 185807 .0 59.6781

L3138

.5331%

.88 1

S60%

.313%

008§

.800¥

5.516E

4.431E

3.383E

10.15 E

6.105E

6.775E

3.581E

29.600E

21.808

Comments........cccooovoueas
Ok, S energy in P window
0k
0k
ok
ok
10 3.2 BER
Comments....................
Clipped, processed
Clipped, processed
Saturated
[1) 3
Vo9 gain (LF)
No P-arri-al (3C)
Ok (LF)
10 3.0 BER 2.7
Comments....................
Clipped, processed
0k
0k
1] 4
Ok (3C)
15 " .8 RER 4 2.4
Comments....................
0k
1) 3
Ok
0k

15

10 4.8 PDE
Comments...............c.c00..
Ok (3C)

15 2.0 BER 2.6 BER 2.0
Comments..............ccnnnn
Ok
1} 4
0k
Ok

15 2.3 BER 1.4

Comments. . .

Ok

Jk

Ok

0k

M1W

jaturated
i
1 4

15 3.4 BER 3.3 BER 2.9
omments. ... ..
0k (3C)
Ok (3C)

Mlw
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1988 MAY 17 BER 002326.7 65.1081K
DIST AZINM

MOL 292.9 345.6

LOF 473.5 228.2

HORESS 5§62.4 332.4

ARCESS 967.7

1988 MAY 23
DIST

448 .8

BER 035528.0 57.466X
AZIM

WORESS 454.8 218.9

1988 MAY 28 HEL 145600.6 57.94 ¥
DIST AZIN

oDD 222.0 171.5

BER 292.6 157.9

BYA 363.8 170.7

SUE 373.3 157.4

01401 385.9 214.7

NORESS 398.0 220.5

03C00 440.4 214.7

1988 JUN 02 BER 113555.6 62.057%
DIST AZIM

SUE 164.7 313.6

aYa 220.4 298.4

KOL 269.0 260.0

oDD 326.2 317.8

KMy 351.3 335.7

BLS 14 380.1 323.3

01401 468.0 230.4

03C00 481.2 284.5

B0RESS 505.7 290.9

1988 JU¥ 03 BER 060505.0 59.747K
DIST AZINM

KNY 62.3 16.8

oDD 65.6 250.3

BLS 14 81.5 299.7

SUE 152.6 162.7

BYA 161.7 192.4

1988 JUR 08 BER 020331.6 66.560K

DIST AZIM
LOF 204.8 147.7
TRO 363.9 201.0

NORESS 685.3 16.8

1988 JUN 27 BKH 75525.5 58.203%
DIST AZINM

JORESS 283.6 186.2

onD 315.8 125.2

YA 427.7 138.4

SUE 474.9 129.3

1988 JUL 23 BER 070439.2 59.517K

DIST AZINM
[ $.44 39.7 31.0
BLS 14 70.6 282.1
opD 76.7 231.5
SUE 177.9 164.4
BYA 186.5 190.1
1988 JUL 30 BER 024142.2 61.2188

DIST AZIN
SUE 33.6 §57.%
BYA 48.6 277.2
oDD 160.2 332.5
BLS 14 220.7 338.0

6.003E

6.779E

7.18 E

2.479E

5.568E

15.987E

11.022E

5 .608E

5.289E

15 2.7 BER 3.1 BER

15 2.9 BER 3.0 BER

15 2.8 HEL

1) 3

Saturated

0k

0k

Low gain (LF)
0k (3C)

ok (LF)

15 3.0 BER 2.9 BER
Commonts.............o0c0...
Clipped, processed
ok
0k
Ok
0k
0k
Low gain (LF)
0k (LF)
ok (30)

15 1.9 BER 2.4 BER
Comments....................
0k
Ok
Ok
Ok, airgun noise
Ok

15 2.6 BER 3.1 BER

0k (3¢)
0k
0k
Ok

15 2.0 BER 2.4 BER
Comments....................
Ok
Ok
Ok
Ok
1] 3

18 2.3 BER
Comments....................
Ok
0k
0k
0k
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1988 JUL 31 BER 090808.4 62 04SN 2.41SE 15 2.7 BER 2.8 BER 3.1 MW

DIST AZINM Comments....................
SUE 166.4 312.5 Clipped, processed
HYA 222.8 297.7 Ok
apD 327.7 317.3 [4) 3
Kny 351.6 335.1 0k
BLS 14 381.3 322.8 Ok, clipped in P-window
1988 4UG 06 BER 035259 5 59.957¥ 6.319E 3 1.1 BER 2.2 BER 0.8 M1¥
DIST AZINM Comments....................
oDD 19.6 272.4 Ok
BLS 14 69.4 335.8 Ok
| 4.3 102.7 35.7 0k
HYA 134.9 176.9 ok

1988 AUG 08 BER 195934.0 63.6720 2.386E 11 4.8 W40 4.0 BER 5.3 5 5.0 M1¥

DIST AZINM Comments....................

01401 541.9 309.2 Lov gain (LF)

WORESS S77.3 308.5 Ok (HF) (IP) (3C)

TRO 983.0 235.6 Saturated

ARCESS 1204.4 248.5 Ok (3C)

1988 AUG 21 BER 145201.3 66.6340 12.477E 8 3.3 BER 2.3 M1W
DIST AZIX Comments...........co0nu.u.un

LOF 173.0 195.5 0k (3C)

ss 235.7 5.5 Dk

TRO 428.3 221.8 0k

MOL 510.8 25.3 Ok

ARCESS 630.2 245.4 Ok (3C)

NORESS 659.2 3.6 Ok (3C)

1988 SEP O1 BER 172838.4 66.9700 21.213E 2.4 BER 3.0 BER .| 2.1 X1¥
DIST AZIM Comments....................

| 434 242.8 201.3 1) 4

XOR 297.0 T1.1 Ok

TRO 311.6 161.3 [1] 3

ARCESS 336.6 213.8 Ok (3C)

LOF 352.2 108.0 Ok (3C)

| BH 502.9 53.2 0k

1988 SEP 02 BER 181402.1 66.9160 20.808E 37 1.9 BER 3.0 BER M 1.8 M1¥
DIST AZIN Comments...........oo0vuuans

KTK 254.8 204.7 Ok

MOR 278 .4 7.5 Ok

TRO 312.8 164.7 ok

ARCESS 350.8 215.9 Ok (3C)

1987 SFP 17 BFER 094947 .4 61.4200 1.571F 18 2.8 BER 3.1 BER 2.9 M1V
DISY AZTNM Comments.............o..u0.

SUE 176 0 284.7 ok

HY) 249.0 278.5 ok

KNy 319.0 322.0 Ok

[sh)} 322.9 302.7 ox

MOL 338.3 250.4 1) 3

BLS 11 367.4 310.2 Ok

HORESS 643.0 282.4 Ok (3C)

LOF 936.5 222.8 Ok

1 99 9 1308 * 240.4 Ok

1988 § P 28 iR 091f - T " BER 3.4 RER N B
DIST AZIN Comrents

TRO 370.7 251.9 0k

MoL 660.2 10.0 Ok

BORES3 B854 .0 356.7 Ok

1988 OCT 20 BKH 214349.6 60.07Ch 6.420E *.6 BER 3.8 ERS 3.4 NLW
DIST AZINM Comments. .

47




01401 260.4 252.6 Lov gain (LF)

BORESS 291.8 257.5 ok (3C)

MOR 804.6 215.3 Ok

ARCESS 1379.5 229.7 Ok

1988 OCT 27 BKH 142216.7 66.8921 8.880E 25 3.8 BEL 3.4 M1VW
DIST AZIM Comments....................

TRO 514.8 238.4 0k

BYA 651.6 10.4 Ok

SUB 680.7 15.4 Ok

HORESS 698.6 350.4 ok (30)

BER 745.9 12.1 0k

ARCESS 746.3 254.7 0k (3C)

1} ] 786.0 7.2 0k

BLS 14 842.5 6.1 Ck

1988 OCT 27 BKH 224728.4 66.9571 8.824E 25 3.0 HEL 2.3 M1W
DIST AZINM Comments....................

LOF 239.4 239.0 gk (3C)

ISS 306.4 333.4 Ok

HoL 492.9 6.5 0k

BORESS 706.2 350.3 Ok

ARCESS 744.8 255.3 (1] 4

1988 B0V 09 HEL 183252.067.1 § 20.6 E [\] 2.3 HEL .| 2.3 M1V
DIST AZIM Comments.................c...

KTK 239.8 208.5 0k

ARCESS 338.5 219.0 ok (3C)

BORESS 835.5 28.1 Ok

1988 B0V 29 BER 230342.0 67.9588 20.661E 3.0 BER 1.7 Mlw
DIST AZINM Comments....................

KTK 167.8 223.1 0k

TRO 199.5 158.7 Ok

ARCESS 263.3 230.4 ok (3C)

LOF 298.4 90.4 0k (3C)

119 545.8 41.7 Ok

1988 DEC 06 HEL 162141.8 77.01 X 26.14 E 10 4.0 BER 3.7 M1N
DIST AZINM Comments....................

ARCESS 834.5 1.1 0k (3C)

TRO 853.6 12.2 0k

ITK 897 .4 4.7 Ok

LOF 1071 .4 17.1 0Ok

MOR 1261.4 13.1 114

E§SS 1477.0 13.9 1] 3

1988 DEC 7 BER 182854.3 67.039§ 21.480E 4 3.2 BER 2.0 BER N 1.5 Miw
DIST AZINM Comments....................

| 84 ¢ 231.9 199.3 Ok

TRO 307.8 158.8 0k

HOR 310.1 70.2 ok

ARCESS 324.1 212.7 [+ 3

| 1 5616.8 §53.0 Ok

1988 DEC 15 BER 131038.7 57.8168 11.495E O 3.1 BER 0.0 1.9 M1¥
DIST AZIM Comments....................

EORESS 325.2 180.5§ o0x (3C)

11)])] 366.0 128.4 Ok

KNy 395.8 110.4 0k

2Ya 479.0 138.8 Ok, much long~perind noise

HOL 672.9 155.8 Ok

1988 DEC 15 BER 183003.0 66.833% 21.486E 2 3.2 BER 0.0 | 1.8 M1V
DIST AZINM Comments....................

KTK 263.8 197.6 Ok

TRO 329.7 160.1 Ok

ARCESS 344.3 210.8 ok (3C)
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§SS 506.6 55.3
MOL 814.4 48.3
19688 DEC 23 HEL 81843
DIST  AZINM
K1X 478 3 104 0
1988 DEC 24 BER 213052
DIST  AZIM
TRN 271.4 247 1
| (38 274.1 342.9
KTK 424.3 268.3
ARCESS 517.8 264.1
MOl 711 3 17.5
1988 DEC 31 BER 140059
DIST AZIM
ARCESS 226.1 76.9
KTX 329.3 68.7
TRO 476.1 80.6
NOL 1329.3 42.0
BORESS 1362.1 33.3
1989 JA¥ 2 BER 182932.
DIST AZIM
KTK 233.2 204.5
MOR 292.0 68.1
TRO 296.0 162.2

ARCESS 329.3 216.3

1989 JA¥ 6 BER 120731
DIST AZINM
ARCESS 403.8 112.2
KTX 474.4 99.5
TRO 653.5 99.6
MOR 872.0 68.7

1989 JA¥ 10 BER 110530.

DIST AZIM
BORESS 364.6 274.5

1989 JA¥ 13 BER 41824
DIST AZIM
SUE 215.0 20.8
abd 324.1 356.3
ussS 338.5 239.0
BORESS 364.8 312.6
BL5 14 387.0 355.7
KXY 409.3 7.3
(43 655.1 231 .1
1935 JAN 15 BER 10 ...
DIST AZIM
TS 2585.3 197 .3
MOR 30G.4 T74.8
TRO 331. 160. ..
ARCESS 345.6 210.6
uss 506.6 §55.6
197 AW 1€  BER 2145%
DIST  AZYM
TRO 637. 28! .
MOR 687.5 217.5
BsS 768.f 332.0

.0 67.

.3 68

.0 69.

4 67

.7 67

4 60

.6 62

PN

1

.57510

903%

.093%

.9238

.8251

.8528

4

144,

1980 14K 20 RFER 93345 7 §7 R1RY

DIST
384.7

AZIN

0140° 202.¢C

34

12

31.

21

34

.2 E

.787E

254E

.012E

.447E

.849E

.262E

Shea

.o

-]

479E

13 3.7 BER 2.8 BER N

o

7 3.0 BER 2.1 BER

0k
0k, noisy (At quantum level)

3.4 BER .}
Comments....................
0k

Comments . ... .
0k

0k

Ok

Ok, noisy

0k

Comments....................
Ok, Rg phase present (3C)
0k

Ok
Ok, noisy (at quantum level)
Ok

0 3.2 BER 0.0 M 1.9 M1V
Comments....................
0x
(4} 4
Ok
0k (3C)

15 3.7 BER 0.0 M 3.1 KW
Comments....................
ok (3C)
0k
0k
ok

1 4.5 BER 0.0 1.3 v
Comments ...................
Ok

0 3.3 BER 0.0 2.7 M1v
Comments....................
Ok
Ok
Ok
ox (3C)
0k
Ok
U

~ 2.2 BER 0.0 h 4.\ haw
Comments....................
ar
0k
Ok
0k (3C)
1)

1 - S RFR 0.0 B L]
Cormentsn
ov
Ok
Ok

1" 31 RFR O O A Ny

Comments . .
low gein (V¢

19




WORESS 388.8 208.1 0k (3C)

HYA 4316.1 160.8 Ok

SUE 437.5 149.5 Ok

ARCESS 1562.7 220.4 0k (3C)

1989 JAN 20 BER 182953.1 66.969% 21.640E 2 3.2 BER 0.0 ).} 2.0 M1VW
DIST AZIF Comments....................

XTK 237.3 1971 0k

NOR 316.2 T1.9 0k

TR0 317.5 158.1 0k

ARCESS 327.7 211.0 0k (3C)

LOF 369.2 106.8 Ok

| B3] 619.4 b54.1 Jo P-arrival

1989 JAN 23 BER 140628.5 61.9521 4.404E 29 4.9 BER 0.0 5.1 4.8 M1¥W
DIST AZIX Comments....................

NORESS 406.1 292.7 ok (BF) (IP} (3C)

LOF 810.2 216.1 0k (3C)

TRO 1078.5 224.6 Ok

KTK 1166.3 236.8 Ok

ARCESS 1273.3 238.9 0k (3C)

1989 JAN 29 BER 163822.2 59.6510 6.016E O 4.2 BER 4.6 1AO 4.4 M1V
DIST AZINM Comments..... .......cvnvennnn

0s6 198.6 117.0 Saturated

01401 300.6 245.9 Low gain (LF)

WORESS 329.3 250.9 Ok (BF) (IP) (3C)

ss 625.9 212.4 0k

ARCESS 1431.1 229.4 0k (3C)

1989 FEB 14 BER 204422.3 61.0500K 3.943E 21 2.8 BER 3.0 BER 3.0 M1V
DIST AZIM Comments....................

01401 376.9 276.5 Low gain (LF)

03C00 402.8 269.9 ok (LF)

NORESS 413.8 278.2 0k (3C)

1989 FEB 21 BER 254 3.1 65.336F 29.310E S 4.2 BER 3.2 BER 2.9 MV
DIST AZINM Comments....................

KTk 486.5 144.5 §o P-arrival

ARCESS 495.6 159.0 Ok (3C)

TRO 651.6 132.3 [1) 4

LOF 760.0 106.7 0x (3C)

BORESS 1030.2 62.6 0k (3C)

1989 FEB 26 HEL 33349.067.6 § 34.0 E o] 3.1 HEL M 3.1 M1V
DIST AZINM Comments....................

ARCESS 407.7 117.9 ok (3C)

kTK 470.6 104.5 0k

TRO 652.1 103.2 Ok

LOF 859.4 84.4 o0k (3C)

NORESS 1321.8 45.2 0k (3C)

1989 FEB 28 BER 183648.9 66.889F 21.571E 0 3.4 BER 2.2 BER .| 2.1 MW
DIST AZIN Comments....................

KTK 246.7 197.2 0k

TRO 324.9 159.1 Ok

ARCESS 337.0 210.8 0k (3C)

1989 MAR 3 BER 1049 3.2 60.6328 6.321E 4 3.2 BER 0.0 1.1 M1V
DIST AZINM Comments..........c.oovunenn

HYA 69.9 173.0 0k

oDD 78.4 346,0 0k

SUE 97.1 118.6 0k

BLS 14 141.2 348.7 0k

kMY 169.2 20.3 [113

1989 MAR 11 BER 1738 2.8 67.1878 13.408E 21 3.0 BER 0.0 1.8 M1V
DIST AZINM Comments. ... ................




LU¥ 106.5 182.7
§SS 303 .4 11.9
TRY 354.5 222.3
KTK 456.4 248.2
ARCESS S61.4 248.0
MOL 5C4.3 25.7
1989 MAR 26 BER 65042.
DIST AZINM
LUF 177.5 181.2
18u 413.5 216.1
KTA 496.1 240.9
NOL $24.7 29.9
ARCESS 602.9 242.2
1989 MAR 26 BKH 92910
DIST AZIN
TRU 608.8 313.6
LOF 616.4 334.3
ETK 780.6 312.3

ARCESS 812.4 307.1

196% MAR 26 BER 105938
DIST AZIN

THU 469.7 316.1

LUF¥ 505.9 343.3

KTK 639.8 312.9

ARCESS 671.9 306.1

1989 MAR 30 BER 145112
DIST AZIM

TRO 495.3 315.0

LUF 522.9 341.0

ARCESS 648.9 306.0

1989 APR 09 BKH 44548
DIST AZIN

[ 993 464.5 104.6

1989 APR 13 BER 234521.
DIST  AZIM

Thu 364.7 281.5

1963 APK i6 BER 41113

Vios [ YT ]
Lur JOS. 1 146.6
KTh 775.6 258.3

1969 APR 16 HEL 63443
0151 ALLM

Raih 459., 105.+

Lut -2 1. 4.6

1989 APR 22 BER 180310,

DidSy ALLIn

AN alt . 106 .«
imou bdY.b 1UL .2
MOR 846.9 72.7
LOF 861.0 86.1
oo JRVETV AN v2.b

1900 441 a1 a4
vioi Avin

Lt 160.3 104.08
ER) PP 14.1
.U 4/0.5 410.8
Au. SUJ .4 49,5
Ain Sl1.u 44U.y

8 66.

072

.9 72

.3 72.

.8 67

770

4 66

.6 67.

7 67

5411

L9501

. 430K

5001

.614¥

.0400R

.6318

58 K

.380%

13

33

33

33

.440E

.351E

.219E

.450E

.860E

.S15E

.B65E

.68 E

.893F

ok (3C)
(1) 3

Ok, noisy
Ok

Ok, noisy
Ok, noisy

18 3.1 BER 1.8 BER 1.9 M1W
Comments..........o0onvnvuvnns
0k (3C)

Ok, noisy
uk
0k
Ok

Ok
Ok (3C)
0k
Ok (3C)

1 3.3 BER 0.0 2.1 1w
Comments....................
Ok
Ok (3C)
Ok
Ok

0 3.1 BER 0.0 2.3 MW
Comments...........c.cuuuenn-
0k
0k (3C)

Ok

o 2.7 HEL N 2.5 M1W
Comments....................
0k, Rg phase present

0 3.1CBER 0.0 2.2 M1V
Comments....................
No P-arrival

13 3.1CBER 2.9LBER 2.4 M1V
Conments....... ............
Ok, short Lg-window
0k, short Lg-window

10 4.1 BEL 3.8 M1W
Comments....................
Ok
Uk (3C)

15 3.9CBER 0.0 - 3.0 M1V
Comments .
1] 4
Ok
0k
0k, noisy
Uk, nois»

b3t 25l
Comuwents. . ...... s
Ok (3C)

Ok
Ok
Ox
ox




1989 MAY 18 BER 33640.6 65.9381
DIST AZINM

ESS 241.5 312.3

MOR 306.2 266.8

KoL 376.2 3.4

1989 MAY 19 BER 61658.9 68.5398
DIST AZIM

NOR 300.8 330.2

TRO 334.5 252.3

| B3 448.6 355.5

KTK 492.3 269.5
HOL 685.3 12.3

1989 MAY 19 BKH 111939.2 69.431K
DIST AZIN

KTK 332.6 78.0

TRO 492.7 86.7

1989 MAY 22 HEL 121501.6 63.19 §
DIST AZIM

NOR 464.4 133.9

ss 487.8 103.5

1989 MAY 25 BER 172921.8 67.0991K
DIST AZINM

NOR 268.1 66.4

TRO 289.3 166.9
LOF 315.3 108.2
SS 480.9 49.7

8.039E

11.107E

31.S57E

21.42 E

20.433E

16 3.0CBER 0.0 2.4 M1V
Comments....................
Ok
ok
0k

15 3.1CBER 0.0 2.5 M1w

10 3.2 BEL 2.5 M1V
Comments..............onuunn
0k
Ok

28 3.0CBER 0.0 N 20KV
Comments....................
0k
0k
ok (3C)

Ok
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